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Introduction
The purpose of this email discussion was to kick-off discussions on techniques to be considered for LTE URLLC. 
As a starting point for discussion, the individual company contributions [1-12] from RAN1#91 were used. The discussion is structured in enhancements for DL control, DL data, UL control and UL data channels & procedures. Please note, that certain UL control aspects fully related to UL-SCH operation (such as SR) or DL-SCH operation (CSI, HARQ operation enhancements) are included in the related PDSCH/PUSCH sections. 
This contribution provides the individual company inputs given during the email discussion as well as their summary including some proposals for future work on URLLC techniques for LTE. 

Enhancements to DL control 
Based on the contributions [1-12], the following aspects have been discussed by at least one company:
· Reduced DCI size / compact DCI
· Use more resources / CCEs
· Increased diversity including spatial/temporal/frequency domain
· Issue of false alarm
· Scheduling DCI enhancements for blind/HARQ-less repetition

Question 2.1: Should reduced DCI sizes / compact DCI be studied and/or specified? If so, please provide details on your envisioned solution(s) – i.e. which DCI field sizes to be reduced. 
	Company
	Views

	Nokia, NSB
	Clearly smaller sized DL assignments and UL grants for a given AL will help the decoding probability and should therefore be used. Of course reducing it below a certain number of bits will not help then too much any more as we anyhow will have to amend some CRC bits and the number of bits going into the decoding would then be dominated by the CRC bits as such. 
What field sizes to be decreased or what field to be removed:
· Reduce RA bits (e.g. by partial configuration of RA, and RA only selecting some options there).
· Reduced set of MCS and/or repetitions (less than 5 bits)
· Only single layer transmission with URLLC? (no dual MCS/NDI/RV fields, no TPMI, fixed UL CS/OCC for UL – fixed TM2/TM9 with AP7 & n_sCID=0 for DL)
· No support for CSI request?
· No support for SRS request?


	Ericsson
	We support the study of reduced DCI size, which could be combined with  the study of required AL to comply with the URLLC requirements. 
· Possible candidates for reduction or deletion: MCS, RV, HARQ process, CSI and SRS triggers, TPC, DAI, SPUCCH resource indication, resource allocation. (this is not an exhaustive list). 




	ZTE, Sanechips
	Yes. Compact DCI would be helpful to reach a higher reliability.  
· DCI field for resource allocation could be reduced. 
· FFS whether to further increase the RBG size defined in sTTI. 
· FFS whether to set a limit on  the maximum number of allocated PRBs for URLLC UEs 
· Reduce the number of bits for MCS 
· FFS whether to remove the RA header, e.g. only support RA type 2 for DL. 
· FFS whether to reduce the number of bits for carrier indicator  

	Intel
	Reduced DCI size should be considered together with other PDCCH enhancements. In this case, only essential (i.e. fallback) functionality needs to be included. An extreme case of reduced DCI is even no DCI, i.e. DL SPS operation.

	Huawei, HiSilicon
	Yes. At least the size of resource allocation field and MIMO-related field such as precoding information can be reduced.

	Qualcomm
	Yes. One way to enhance the PDCCH reliability is to reduce its payload size. The size of some of the fields, e.g., RA and MCS, can  be reduced. Some other fields also may be entirely removed, and the information is indicated to the UE semi-statically. We also agree with Intel in that for small packet sizes, the PDCCH-less DL transmission should also be studied and possibly be specified. 

	LGE
	Reduced DCI sizes / compact DCI would be beneficial. As noted above, some of fields in existing DCI format might be removed or shortened. At least resource allocation and MCS field can be shortened. 

	MediaTek
	Compact DCI can be studied. Reducing DCI size provide lower effective code rate after rate matching operation, which help improve reliability. 



Summary of Question 2.1: All companies agree that reduced size/compact DCI may be benefitial and should be studied/specified. Specifically the resource allocation and MCS is mentioned by most companies here beside other aspects as MIMO related information, TPC, CSI & SRS trigger, DAI and  SPUCCH resource allocation noted by at least one company. 
Two companies mention, that the most extreme case to be considered is the SPS operation having no DCI at all. 

Proposal 2.1: Study reduced size/compact DCI URLLC scheduling. The studies should at least include investigations on reduced resource allocation and MCS signaling overhead (other reductions are not precluded). 

Question 2.2: Should using more physical resources (such as CCEs, higher ALs, …) for DL control be studied and/or specified? If so, please provide details on your envisioned solution(s). 
	Company
	Views

	Nokia, NSB
	We think that using more physical resouces could & should be studied, but we think reducing the DCI size to improve the reliability should be the first option here to not impact all the other, non-URLLC scheduling through increased blocking propability too much.  
Clearly, one thing that can be done by eNB implementation is to repeat the DCI on more than one PDCCH candidate (as discussed in our contribution [5]), or alternatively define some linkage of e.g. 2 AL8 candidates to create an AL16 candidate (as discussed in [4]).  We prefer such methods compared to specifying now also hashing functions for AL16 (especially considering some sTTI limitations as discussed in [5]). 

	Ericsson
	Study higher aggregation levels  (in conjunction with the study of compact dci sizes) 

	ZTE, Sanechips
	Yes. A higher AL, e.g. AL 16 could be considered. 

	Intel
	If significant gap in achievable performance is observed, then direct increase of resource usage may be required. Therefore, higher ALs and/or PDCCH repetitions may need to be considered along with compact DCI sizes.

	Huawei, HiSilicon
	Yes. At least 16 CCEs AL should be supported.

	Qualcomm
	Yes. Higher AL values can be considered if needed.

	LGE
	Utilizing larger number of CCEs needs to be considered for higher AL. Given that a UE supports both URLLC and non-URLLC traffic simultaneously, realizing larger CCEs can de done by either PDCCH repetitions over multiple TTIs or aggregating multiple candidates in one TTI.

	MediaTek
	Study of higher AL can jointly be considered with compact DCI solution in 2.1.



Summary provided jointly with the input given to question 2.3 below. 

Question 2.3: Should increased diversity (spatial/temporal/frequency domain) for DL control be studied and/or specified? If so, please provide details on your envisioned solution(s).
	Company
	Views

	Nokia, NSB
	Regarding spatial diversity, we don’t see any real option to improve this for CRS based (S)PDCCH too much and EPDCCH too much. For DM-RS based SPDCCH, we could consider to enable the operation of using AP7/8 or AP7/9 with AP cycling as discussed at the end of the sTTI WI (options include CDM with AP7/8 or FDM with AP7/9, might be dependent also on the payload / sDCI size). 
We don’t see any other options to increase the f-diversity than using more resources for it by repetition or type of higher AL (as discussed in the 2.2 above). 
Time-domain/interference diversity could be obtained/increased, in case we have a DCI scheduling ‘blind repetition’ and repeat also the scheduling DCI in several TTIs (including a field defining which TX instance is now meant). Taking the example of PDSCH scheduling, you might schedule in TTI X PDSCH with a (blind) repetition in 4 TTIs indicating ‘1st TX instance’, in TTI X+1 indicating ‘2nd TX instance’ and so on. In this way, even though the first DCI is missed (due to high interference) you might be able to still decode the repeated transmissions. We think that such operation should be studied together with the blind repetition operation discussed below. 

	Ericsson
	Existing diversity schemes should be assessed before additional enhancements are considered. We do not see a need for additional solutions as of now. 


	ZTE, Sanechips 
	Compare to 1ms TTI operation in LTE, we didn’t identify any new techniques to further increase the spatial diversity. 
As for the diversity from time/frequency domain, it could be considered if the DCI repetition in multiple TTIs are agreed, as mentioned by Nokia above. For example, frequency hopping could be introduced among each repeated DCI transmission in multiple TTIs. 

	Intel
	The decision should be made based on potentially observed gap in link level performance for a given target Q.

	Huawei, HiSilicon
	Currently we see no further enhancement on diversity is required. In addition, the DL control enhancements should allow the possibility that for a UE, eNB may schedule a retransmission with different MCS in the next TTI/sTTI after an initial transmission. This usually happens when there is not sufficient large resource available in the TTI/sTTI for initial retransmission. As a result, the DCI repetition in multiple TTI/sTTIs should be further discussed considering the above scenario. 

	Qualcomm
	PDCCH repetitions in time/frequency can provide diversity gains, and can be studied/specified. 

	LGE
	In our view, time-domain repetition for DL control should be taken into account. Additionally, frequency diversity over multiple carriers can be one of techniques to be considered. Or, aggregation of multiple candidates across multiple PRB sets as mentioned in Q2.2 can be also considerable for frequency diversity.

	MediaTek
	PDCCH repetition in frequency can be studied. 



Summary of Question 2.2 and 2.3: 
All companies agree that using more CCEs in a TTI on a carrier (higher AL, PDCCH repetition or aggregation) can be considered as a URLLC enhancements. 5 out of 8 companies point out the relation to the compact DCI (in 2.1) or mention to consider such an enhancement if seen as needed. 
On the issue of increased diversity, using more resources as discussed in Q2.2 may already provide some increased diversity in frequency domain. Frequency diversity is mentioned in this respect by 4 companies where one company expands the f-diversity scope to multi-carrier DCI transmission. In addition, time domain repetition (diversity) is mentioned by 5 companies. One company mentions spatial diversity enhancement for DM-RS based SPDCCH. 

Proposal 2.2: Investigate the need for using more DL control resources for DCI transmission on a carrier within a TTI together with the studies on reduced size/compact DCI URLLC scheduling. Candidate techniques may (beside others) include support of AL16, DCI repetition as well as PDCCH candidate aggregation. 
Observation 2.3: More discussion is needed on additional PDCCH diversity techniques such as time-domain repetition, carrier-domain repetition as well as spatial diversity enhancements for DM-RS based SPDCCH. 

Question 2.4: Do you think the effect of DL control false alarm rate and its impact on URLLC should be studied? Please provide details on your envisioned solution(s) to decrease the effect of false positive alarm on the URLLC operation.
	Company
	Views

	Nokia, NSB
	As pointed out in [1], PDCCH false alarm rate (i.e. false positive detection) propability can lead to PDSCH soft-buffer corruption in case of a false positive DL assignment. For PUSCH operation, a false positive UL grant might lead to loss of data (as the eNB is not even expecting any data on the indicated resources in case the dynamic grant overrides the SPS PUSCH) or a larger delay (as the eNB might schedule the UE with the same HARQ-Ack process only later on). 
As the false positive alarm rate can be calculated as M*2-X, where M is the number of PDCCH candidates and X is the number of fixed/known bits in the DCI. For X the number of (16) CRC bits as well as other bits such as UL/DL differentiation flag, same HARQ ID (as noted in [1]), same TBS (i.e. given by the RA bits & MCS) for a re-transmission, and others can be used to decrease the false alarm rate.
Studies could be done to identify the maximum allowable false-alarm rate to enable URLLC for 10-5 for different operations (SPS versus scheduled operation, blind repetition operation without re-tx signaling, number of HARQ processes for URLLC, RA & MCS options etc.) 

	Ericsson
	We think DL control FA should be studied, and if not sufficient, look into potential solutions. Since there is no explicit requirement on DL control FA today (RAN4) and we expect UEs to avoid the increase of a high FA due to multiple blind decodes by pruning, a FA level is not easily derived. We should at least identify cases that is sensitive to FA (where a high level of FA could be expected due to the CRC operation for example). One possibility that could be considered is to introduce a requirement in RAN4 on the FA to ensure a proper UE operation. A simple means to lower FA is CRC increase, but this also has an impact on the operating point (due to the increase of transmitted coded bits), which also need to be considered. 


	ZTE, Sanechips
	Yes, DL control false alarm rate should be studied. 
In NR, an increased CRC length (24 bits) for both eMBB and URLLC UEs was introduced to reduce the false alarm. While in LTE URLLC, even we can reduce the false alarm of LTE URLLC UEs, the false alarm of legacy LTE UEs cannot be reduced since backward compatibility needs to be kept. Then, once false detection of PDCCH occurs to legacy LTE UEs, it may collide with the transmission from LTE URLLC UEs, especially for UL. Therefore, related work is needed for this aspect.  

	Intel
	Another option to improve FA without CRC increase is to preconfigure values of some of the DCI fields effectively achieving a hybrid operation with partial information preconfigured by higher layers and another information signalled dynamically.

	Huawei, HiSilicon
	As analyzed in [1], the probability of buffer contamination induced by PDCCH false alarm is close to or larger than 10-5, which cannot fulfill the requirement on reliability, therefore, it has to be resolved. 
One option is to increase the CRC length, however, this also increases DCI payload sizes. Another option is to use some DCI fields to help UE to detect the false alarm, which can utilize the observation that the soft buffer contamination only happens from the initial transmission to re-transmission of a certain HARQ process. In this way, less bits are required to reduce impacts to PDCCH payload size.

	Qualcomm
	Depending on the number of BDs that URLLC users might need to perform, some ways to reduce the FAR might be needed. Increasing the CRC lengths could be one way to do this. However, as the CRC lengths increases, the number of resources needed to achieve the reasonably low coding rate also increases. The impact of the CRC length on the FAR and resource efficiency can possibly be studied together. Another way to reduce the FAR is to set some of the information fields apriori such that a UE can use them for grant validation. The actual values for these fields can be indicated semi-statically.

	MediaTek
	Larger CRC can decrease the False Alarm Rate and can be studied.



Summary of Question 2.4: All companies seem to acknowledge that false alarm rate may be an issue and that studies of the negative effect of FA rate on the URLLC performance are needed. 
As candidate techniques to reduce the false alarm rate increased CRC size as well as using a-priori known bits in the DCI have been identified as potential solutions. The negative effect of having more bits in the DCI not directly carrying useful information on the PDCCH decoding performance is acknowledged. 
One company mentions the need to reduce the FA rate also for non-URLLC UEs/MBB services. 


Proposal 2.4: Study the effect of false alarm rate on the URLLC performance. Candidate techniques to solve the issues (if identified) may (beside others) include using larger CRC size as well as using (a-priory) known information field content. 

Question 2.5: Please provide your input on any other aspects related to DL control not covered by the questions above. 
	Company
	Views

	Nokia, NSB
	As described in [5], we think that we might need to re-check/re-consider some of the SPDCCH restrictions (in terms of number of sCCEs or BDs) to decrease the blocking and/or enable larger ALs. As the amount of SCH data is expected to be lower for URLLC, more time could be spent by the UE for DL control decoding and still keep the defined sTTI processing times. 

	ZTE, Sanechips
	DCI repetition in multiple TTIs can be also considered to improve the reliability of DL control. 

	Huawei, HiSilicon
	As the AL may be increased for better realibility, the PDCCH blocking would also be increased. Therefore, more flexible PDCCH candidate mapping can be considered to reduce blocking probability.



Summary of Question 2.5: Two companies mention the PDCCH blocking that might become an issue for URLLC. The DCI time-domain repetition mentioned by one company is already included in the summary of Q 2.3 above. 

Observation 2.5: PDCCH blocking for URLLC has been mentioned by two companies which may require further attention. 


Enhancements to DL data / PDSCH operation
Based on the contributions [1-12], the following aspects have been discussed by at least one company:
· Increased redundancy through blind/HARQ-less repetition/TTI-aggregation (i.e. temporal diversity)
· Increased redundancy through lower MCS
· Increased spatial/frequency diversity for PDSCH
· Re-transmission enhancements (incl. adaptive HARQ, drop HARQ if out of latency bound, re-tx earlier than given by the HARQ-Ack timing,..)
· CSI enhancements (i.e. CSI for lower BLER beside others)
· CBG-based URLLC LTE operation
· Early termination techniques
· 1-symbol PDSCH repeated within subslot sTTI

Question 3.1: Should blind/HARQ-less repetition for PDSCH be studied and/or specified? If so, please provide details on your envisioned solution(s). 
	Company
	Views

	Nokia, NSB
	We think that blind/HARQ-less repetition (as supported in NR) is essential here, should be studied and specified als for LTE. Repetition is one way to lower the effective MCS. For PDSCH, the repetition indication could be included in the DL assignement separately or jointly with the MCS signaling. 


	Ericsson
	In our view, the current specification does not preclude the case that eNB transmits consecutively in time on PDCCH for DL-assignment and on PDSCH for DL-data for the same HARQ process. More specifically, if the NDI field in the DL-assignment is not-toggled, then the UE should interpret as a retransmission of the same transport block. 

It is not clear if additional repetition schemes need to be specified.

	ZTE, Sanechips
	Yes. PDSCH repetition based on subslot can be considered and the number of repetitions could be indicated by DCI or configured by RRC. Considering the target of URLLC of {1ms, 99.999%}, a small number of repetitions like [1,2,3,6] is sufficient.
Similarly, PDSCH repetition based on slot/subframe can be considered for the target of {10ms, 99.99%}, the number of repetition can be [1,2,4,8].

	Intel
	Agree with Ericsson on one of simple schemes to achieve PDSCH repetitions. In this case UE behavior needs to be clarified for such operation and potentially be configurable.

	Huawei, HiSilicon
	We support HARQ-less repetition/transmissions, as the HARQ-ACK feedback is not necessary when considering 1ms latency requirement.

	Qualcomm
	PDSCH repetitions can be considered in the DL (assuming that the HARQ-less repetition means that within a given window, the re-transmissions are not triggered based on the received NAKs, but subsequent repetitions in a separate window are triggered by HARQ ACK/NAK.) 
For this case, and for the latency bound of 1ms, independent PDSCH transmissions over each symbol of a TTI with possibly different RV values can be considered. Since the TTI lengths is reduced, the turn-aournd time is faster, and if needed (depending on how close the UE is to the latency bound), the eNB can trigger re-transmissions. Adopting repetitions with sTTI granularity does not allow for re-transmissions within the 1ms latency bound. Hence, the resource allocation assumptions should be very conservative, which in turn, compromises the network capacity.

	LGE
	We think that blind/HARQ-less repetition for PDSCH would be crucial for enabling URLLC in LTE. Considering two requirements we’ve agreed, in some scenarios of combination of {TTI length, number of repetitions}, retransmission based operation for PDSCH might not work at all to meet a certain latency bound, and thus how to operate blind/HARQ-less repetition for PDSCH needs to be studied. In addition, how to enable/activate blind/HARQ-less repetition for PDSCH also needs to be investigated. 

	MediaTek
	Increased redundancy with FD repetitions or TD repetitions /  lower MCS and re-transmission enhancements can be studied.  



Summary of Question 3.1: 6 out of 8 companies suggest to study/support blind/HARQ-less repetition for PDSCH (based on configuration or DCI signaling) whereas one company points out, that this can be also / already done by separate DL assignments in each of the TTIs.
One company pointing out the repetition could be per PDSCH symbol (which is to be handled separately in Q 3.8 below).  

Proposal 3.1: Study blind/HARQ-less PDSCH repetition in different TTIs. The candidate techniques at least include dynamic DCI indication of the repetition factor, higher layer configuration of the repetition factor as well as issuing independent PDSCH assignments for each PDSCH transmission. PDSCH repetition may be combined with TTI level FH. 


Question 3.2: Should lower MCS  (than MCS0) operation for PDSCH be studied and/or specified? If so, please provide details on your envisioned solution(s) taking the relation to Question 3.1 (i.e. blind repetition) into account. 
	Company
	Views

	Nokia, NSB
	Blind repetition will already lower the effective coding rate and is clearly providing in addition frequency diversity. 
Considering the bandwidth to get our target TB sizes over the air, going much below MCS0 on a carrier especially with subslot sTTI might not be possible (32 byte with MCS0 require for 1ms TTI 10 PRBs already, for subslot sTTI 60 PRBs would be needed already) which might limit the applicability. As discussed in [5], we don’t think that TBS scaling is working efficiently here for higher MCS values but instead considering defining new entries such as MCS-1 into the existing MCS tables could be considered. 
Overall, the needed effective PDSCH coding rate needs to be determined and blind repetition and lower MCS are two ways to achieve this. 

	Ericsson
	We support introducing TBS scaling and / or lower MCS for URLLC in order to support the required lowered code rates for reliability. In the sTTI&SPT WI, a modification of the TBS is defined where the TBS value from the legacy table is scaled according to TTI length with a factor  such that
[bookmark: _Toc493499910]
which can then be adjusted to byte size and corrected for CRC. The sTTI solution is therefore to reuse the existing MCS set and scale the table. 

For URLLC operation, the legacy set of MCS  may not be sufficient. Instead of extending or modifying the MCS set, it is possible to define an additional URLLC scaling factor such that the code rate corresponding to a MCS of interest is reduced.  To maintain efficiency, the scaling could be applied with some conditions (e.g. a reduced set of MCS/TBS values).

As an alternative to a TBS scaling factor, a separate MCS/TBS table for URLLC can be considered, supporting lower code rates.  A corresponding CQI table should then be derived accordingly.
 

	ZTE, Sanechips
	A new MCS table (e.g., a subset of current table) may be beneficial for URLLC. But we agree with Nokia that a lower MCS than MCS0 is not needed considering the efficiency and some alternative candidates like PDSCH repetition. 

	Intel
	The decision should be based on link-level performance analysis. As is it is highlighted by Nokia, there may be no need in additional lower MCS when repetitions are considered.

	Huawei, HiSilicon
	As lower coding rate can be achieved by repetition, then MCS0 can achieved the required reliability.

	Qualcomm
	For the case of repetitions with a one symbol granularity, an additional scaling factor can be considered. For other cases, it would be desirable to first investigate the achievable reliabilities with the existing MCS/TBS values.

	LGE
	We think that in the scenario where blind/HARQ-less repetition is not a viable option due to latency requirement, lower MCS operation should be taken into account. For URLLC, some extremely lower code rate would be necessary, which means that it might not be sufficient with the current existing MCS entries without large RB allocation. For example, like what we’ve done in sTTI work item, separate TBS scaling factor for lower code rate can be considered. Also, some of MCS entries would not be necessary any more since higher modulation order might not be useful considering small packet size in URLLC requirement. Moreover, reduced MCS entries will give smaller size of bit field for URLLC DCI as well.

	MediaTek
	Study to determine new entries with lower MCS than MCS 0 in TBS / MCS tables will be needed.  



Summary of Question 3.2: Some companies pointing out that MCS0 combined with blind/HARQ-less repetition might be sufficient to achieve the required reliabilty, whereas other companies suggest to support a lower coding rate than given by MCS0 (at least in cases where blind/HARQ-less repetition is not supported). The relation to the compact DCI (in terms of reduced set of MCS values) is also highlighted here. 
In terms of possible MCS design, using some TBS scaling as well as new MCS table design specifically for URLLC is mentioned. 


Proposal 3.2: Study URLLC PDSCH MCS definition/operation, considering in the study also the combination with other techniques such as blind/HARQ-less PDSCH repetition as well as the compact DCI design. 


Question 3.3: Should spatial/frequency diversity enhancements for PDSCH be studied and/or specified? If so, please provide details on your envisioned solution(s). 
	Company
	Views

	Nokia, NSB
	PDCP data duplication is part of the WI and is to be specified by RAN2, which will improve the ‘carrier’/frequency diversity already. We don’t see any other real options at hand to improve the frequency diversity considering the LTE (S)PDSCH design. 
From single carrier point of view, we don’t see any ways to improve the spatial diversity for CRS based PDSCH than using TM2. For TM9, single AP TX & precoder cycling in the frequency domain is supported already. SFBC/AP hopping on top of DM-RS could be studied, but we think that implementation based solutions such as precoder cycling might be sufficient. 


	Ericsson
	Existing diversity schemes should be assessed before additional enhancements are considered. It is not clear to us that additional functionality need to be added.
 


	ZTE, Sanechips
	[bookmark: OLE_LINK6][bookmark: OLE_LINK3]Current diversity schemes should be a baseline. 

	Intel
	The decision should be based on link-level performance analysis.

	Huawei, HiSilicon
	PDSCH repetition in CC-domain can be considered. In legacy LTE, since each CC has its idependent HARQ entity, the data transmitted in different CCs can not be joint demodulation even if the data is same. Although PDCP duplication will be studied in RAN2, the joint decoding/decomulation gain can also be achieved if it is also studied in RAN1.

	Qualcomm
	The existing approaches can be considered as baseline. If needed based on the evaluation results, other schemes to improve diversity gains can be studied.

	LGE
	In our view, the spatial/frequency diversity for PDSCH can be already exploited by existing LTE mechanism such as distributed resource allocation or transmit diversity. In addition, frequency hopping during time repetition for PDSCH (if supported) can be considered, which might be similar what has been defined in eMTC but with rather smaller hopping periodicity. 

	MediaTek
	System BW limits the frequency domain repetition applicability – e.g. 12 Frequency repetitions with 2/3 OS sTTI require about 50 PRBs.  Frequency repetitions can be used together with spatial diversity (e.g. SFBC with 2 or 4 APs).



Summary of Question 3.3: There seems to be a majority of companies pointing out, that the existing available diversity techniques for PDSCH seem to be sufficient. 
Two companies mentioning frequency hopping to be combined with PDSCH repetition to be useful (which is already captured in relation to PDSCH repetition of Question 3.1).  
One company discussing TX diversity support for DM-RS based PDSCH (single layer TM9). 
One company mentions to study PDSCH HARQ-process repetition on several carriers (in addition to the PDCP data duplication). 

Observation 3.3: A large majority of companies think the existing supported spatial/frequency diversity techniques to be sufficient for URLLC. One company mentioning TX diversity support for single layer TM9 and one company suggesting PDSCH repetition in the carrier domain (in addition to PDCP data duplication).  
Proposal 3.3: Use the existing supported PDSCH spatial/frequency diversity techniques as baseline for URLLC. Studies on other PDSCH spatial/frequency diversity techniques (e.g. TX diversity support for single layer TM9 or PDSCH repetition in the carrier domain) could be carried with low priority (if time permits).  

Question 3.4: Should other PDSCH re-transmissions enhancements (other than blind repetition) be studied and/or specified? If so, please provide details on your envisioned solution(s).
	Company
	Views

	Nokia, NSB
	We think that a scheduled re-transmision earlier than given by the HARQ-Ack timing should be possible and supported (as discussed in [4]). We don’t think that studies would be needed (just RAN1 to decide). 
Adaptive HARQ (as proposed in [9]) could improve the DL HARQ efficiency, but will require more HARQ-Ack information to be fed back by the UE. Considering, that we might be partially UL control (power) limited, we don’t think that such enhancements would improve the communication reliability in the end. 
Droping HARQ-Ack reporting if being out of the latency bound is proposed in [7]. In short, we don’t think that this is reasonable as just being out of the latency bound does not mean the information would not need to be received in the end! (and dropping the HARQ-Ack would lead to much longer delays due to the need for RLC re-transmissions). 

	ZTE, Sanechips
	To feed back a proper CQI value timely, multi-level NACK feedback scheme could be considered as a supplement to CSI feedback. For instance, define a three-level NACK feedback scheme, each level corresponds to one suggested CQI value/range. This can enable a faster CSI report. 

	Huawei, HiSilicon
	Currently no initial inputs, enhancements to re-transmission can be considered for 10ms latency requirements.

	Qualcomm
	URLLC specific CSI reporting approaches could be useful. One such approach is to send some information (as low as one bit) along with a NAK in case the TB decoding fails. This will help the eNB to better allocate the resources in the next transmission. Also, the BLER targets for CQI reporting can be revisited.

	MediaTek
	HARQ based transmission is essential to achieve the strict reliability requirements for URLLC with efficient use of radio resources. One HARQ re-transmission with 2/3 OS minislot can be used within 1 ms latency requirement.



Summary of Question 3.4: Two companies discussing to support HARQ-enhancements in terms of additional CSI to be fed back together with PDSCH HARQ-Ack information (in case of NACK) to support improved URLLC link adaptation, whereas one company highlighting the increase HARQ-Ack payload size of such methods. 

Observation 3.4: More discussions might be needed on PDSCH HARQ-Ack enhancements to improve URLLC link-adaptation in case of unsuccessful TB decoding.  


Question 3.5: Should CSI enhancements for URLLC PDSCH be studied and/or specified? If so, please provide details on your envisioned solution(s).
	Company
	Views

	Nokia, NSB
	CQI could be defined for target lower BLERs than 10%. Studies will be needed for what values this should be possible, as having a target BLER of 10-5 will lead to the situation to report always the minimum value (out of range) – as the UE might not be able to really guarantee 10-5 BLER in the end. 

	 Ericsson
	Similar to NR, new target BLER(s) for CQI reporting is needed to provide realistic channel estimation for reliable transmissions.
CQI table should be updated in order to support low MCSs and taking into account SNR offset for new target BLER(s). Existing LTE tables should be reused as much as possible.

	ZTE, Sanechips
	[bookmark: OLE_LINK10]Yes. Similar to NR, CSI with a lower BLER configured by RRC could be considered. Also, as answered in Q3.5, multi-level NACK feedback scheme could be considered as a supplement to CSI feedback

	Intel
	At least enhancements similar to NR to define another BLER target for CQI reporting need to be considered.

	Huawei, HiSilicon
	This can be studied considering different BLER requirements with other additional information.

	Qualcomm
	Please see our response to Q. 3.4.

	LGE
	The definition of CQI needs to be discussed for lower target BLER. Also, CQI table including entries of lower code rate would be needed depending on the support of lower MCS and repetition. CSI reporting for targeting higher reliability also needs to be taken into account. 

	MediaTek
	A new CQI Index table for URLLC to align with MCS table can be studied. 



Summary of Question 3.5: 6 out of 8 companies mention the need to support lower target BLER of CQI (which may be configurable). 3 companies mention the relation of the CQI to blind repetition and lower MCS (of Q3.1 & Q3.2). 

Proposal 3.5: Study at least the support of lower target BLER as URLLC CQI/CSI enhancement as well as the CQI relation with lower PDSCH MCS and/or PDSCH repetition. 


Question 3.6: Should Code-block-group (CBG)-based PDSCH operation be studied and/or specified? If so, please provide details on your envisioned solution(s).
	Company
	Views

	Nokia, NSB
	As discussed in our contribution [5], we don’t think that CBG-based PDSCH operation to make sense (and should therefore focus our attention to other issues). 
CBG-based re-tx makes only sense if having more than 1 Turbo codeblock transmitted. Considering our target of 32bytes, this would never be used in the end. Moreover, CBG-based PDSCH operation for URLLC would increase the DCI sizes (with CBG-indication) as well as the HARQ-Ack codebook size. Both will negatively effect the reliability of DL and UL control signaling and therefore should not be studied/supported. 

	Ericsson
	We do not support adding CBG based PDSCH operation. Introducing CBG based retransmission would require an extensive standardization effort. moreover, URLLC block size is small (32 bytes), it is not clear that CBG would be useful.

	ZTE, Sanechips
	[bookmark: OLE_LINK19]No. In NR, CBG-based PDSCH is designed for eMBB traffic, and not suitable for URLLC. Meanwhile, as pointed by Ericsson, extensive standardization effort is expected and it’s hard to accomplish well with limited time left.

	Intel
	In our understanding, CBG-based PDSCH mainly targets eMBB type of service and beneficial for cases of preemption by URLLC short transmissions. We prefer to focus on means to achieve reliability for URLLC first and then potentially look into features for eMBB protection if deemed required based on analysis.

	Huawei, HiSilicon
	CBG-based HARQ-ACK feedback and retransmission should be studied, since URLLC traffic with larger payload sizes, such as some cases in (e)V2X may also need to be considered in URLLC for LTE, and in these scenarios, CBG-based retransmission is beneficial for URLLC traffic on both of the aspects of resource usage efficiency and latency.


	Qualcomm
	For URLLC, the number of CBs should be small (1 in many cases.) Hence, the CBG-based HARQ ACK/NAK may not be needed. But, it can be further discussed whether the CBG-based HARQ ACK/NAK can be considered to reduce the impact of URLLC puncturing on MBB type of traffic. 

	LGE
	We do not see much benefit from CBG-based PDSCH operation since the target data packet size for URLLC is 32 bytes, which seems one transport block is most likely to have only one code block. 

	MediaTek
	CBG-based PDSCH is not applicable to small URLLC TBS (32 bytes)



Summary of Question 3.6: 7 out of 8 companies mention that CBG-based PDSCH operation is not applicable for URLLC traffic and therefore should/does not need to be supported for URLLC whereas one company mentioned the possible application of larger URLLC packets for (e)V2X. 
3 companies mention that CBG-based PDSCH could be used for eMBB traffic puncturing (to reduce the negative impact), but 2 out the 3 companies mention that other URLLC specific issues to be handled first (prioritized). 

Proposal 3.6: CBG-based PDSCH is not needed for URLLC operation. If time permits (with lower priority), enhancements to eMBB operation by using CBG-based PDSCH could be considered later on in this WI. 

Question 3.7: Should early termination techniques for PDSCH be studied and/or specified? If so, please provide details on your envisioned solution(s).
	Company
	Views

	Nokia, NSB
	No intial input from our side at this point of time. 

	Ericsson
	The benefit of early termination is not clear to us. It seems to address ACK to NACK error event and provides some optimization to avoid unnecessary retransmission. To us standardization effort should focus on reducing the risk of a NACK to ACK event which is more harmful to URLLC services. A NACK to ACK error will make it difficult to meet URLLC requirements since no retransmission will be scheduled for an incorrectly received packet. An ACK to NACK error has no impact on URLLC requirement since the receiver correctly received the packet and passed it to higher layers.


	ZTE, Sanechips
	[bookmark: OLE_LINK14]No. We think early termination techniques is not desirable for a small number of PDSCH repetitions.

	Intel
	Such behavior would be achieved already when scheduling PDSCH retransmissions back-to-back as in Q3.1.

	Huawei, HiSilicon
	This can be studied considering the benefits for the resource usage efficiency.

	Qualcomm
	Sending HARQ ACK/NAK after processing each PDSCH within the repetition window could be useful. If an ACK is sent, the eNB can avoid transmitting the same TB again, which enhances the system capacity (this depends on the repetition window size.) Also, if a NAK is sent, the eNB can initiate more re-transmissions. 

	LGE
	We think that early termination needs to be taken into account for URLLC. It would be helpful to reduce the impact of ACK-to-NACK error. ACK-to-NACK error will result in unnecessary retransmission and thus induce resource waste since the resource for retransmission will be used for other new transmission if ACK-to-NACK error does not happen. Eventually, such early termination of unnecessary retransmission may provide faster scheduling opportunities and thereby improve reliability as well as latency. Furthermore, this may also offer more efficient resource utilization.

	MediaTek
	With time diversity, early PDSCH termination can be used device. Sending HARQ-Ack early as no positive impact on upper bound latency requirement for URLLC. We do not see a need for study of early data termination.



Summary of Question 3.7: 3 companies point out the possible usefulness of early termination in case (blind) PDSCH repetition (without separate DL assignments, reference to Q3.1) is supported whereas 3 companies think this to be not useful or needed. One company in addition pointing out that blind/HARQ-less PDSCH retransmission can be operated with individual DL assignments for each transmission resulting in no need to specify any early termination (up to eNB implementation).  
One company pointing out the need to provide HARQ-Ack for each of the individual PDSCH transmissions in case of blind/HARQ-less PDSCH re-transmission.
One company pointing out the issue of a negative effect of Ack-2-Nack errors on the efficiency whereas one other company thinks the issue of Nack-2-Ack errors on the URLLC performance is more important than optimizing the resource efficiency here. 

Observation 3.7: There seems to be no clear majority support of studying/supporting early termination techniques for blind/HARQ-less PDSCH repetition without individual DL assignment. Studies may be carried out if time permits. 

Proposal 3.7: Study if early termination techniques are needed for URLLC operation.  


Question 3.8: Should 1-symbol PDSCH repeated within subslot TTI be studied and/or specified? If so, please provide details on your envisioned solution(s).
	Company
	Views

	Nokia, NSB
	We don’t think that 1-symbol sTTI operation including containing the TB in one symbol and repeating it twice/3-times in a subslot sTTI as proposed in [8] to be studied/supported.
We don’t see any advantage of this compared to using a lower MCS (with half the coding rate) as we don’t think any new HARQ-Ack timings for URLLC are to be specified.  

	Ericsson
	We do not support 1-symbol PDSCH. The existing sTTI with 2 symbols can meet the target requirements in latency and reliability. To meet the requirements for the 5th percentile users, a 1 symbol transmission with the required MCS would require an excessive amount of bandwidth.

	ZTE, Sanechips
	Share with Nokia, we don’t identify any advantage of this operation.

	Intel
	Our preference is to focus on already available sTTI durations.

	Huawei, HiSilicon
	This can be further studied whether any further benefits can be achieved.

	Qualcomm
	As mentioned in our response to Q 3.1, the repetitions with the 1-symbol granularity within the already defined sTTI boundaries could be useful. As the TTI length (and the max. TB size) will be reduced, a faster turn-around time can be achieved, which allows for further re-transmissions within the latency bound. Relying on pure repetitions with the sTTI granularity does not allow for HARQ based re-transmissions, thereby degrading the system capacity. 

	LGE
	No clear benefit from 1-symbol PDSCH repeated within subslot TTI is seen to us. As already noted out by other companies, in order to transmit one TB into 1 symbol, more bandwidth would be necessary. 

	MediaTek
	Rel-15 2/3 OS sTTI should be working assumption. 1-symbol sTTI operations are not necessary to meet URLLC requirements and reduce applicability of frequency diversity - e.g. 12 Frequency repetitions  with 2/3 OS sTTI will require 100 PRBs with 1 symbol sTTI. 



Summary of Question 3.8: 6 out of 8 companies think that such operation should not be studied/supported as either the benefits are unclear or the existing shorter TTI PDSCH operation (including HARQ-Ack timing) should be applied (i.e. no change to processing time etc.). One company suggests to study such operation including faster turn-around times and one additional company would be open for such studies in principle. 

Proposal 3.8: The URLLC studies should focus on existing PDSCH TTI lengths (incl. related processing time). Studies on 1-symbol PDSCH repetition (incl. a related processing time reduction) could be carried with low priority (if time permits). 


Question 3.9: Please provide your input on any other aspects related to PDSCH enhancements not covered by the questions above. 
	Company
	Views

	Nokia, NSB
	No intial input from our side at this point of time. 

	ZTE, Sanechips
	[bookmark: OLE_LINK18]In case of SPS with 1 sTTI interval, PDSCH/PUSCH transmission starting at any symbol in one sTTI can be considered to reduce latency. 

	Huawei, HiSilicon
	Considering the network efficiency, the puncturing of eMBB traffic by URLLC traffic should also be considered. Otherwise, since the URLLC traffic is bursty and delay-sensitive, some frequency bandwidth have to be reserved to reduce latency of URLLC traffic, which would impact the system performance significantly.

	Qualcomm
	We agree with Huawei that the URLLC traffic should be able to puncture the MBB resources. To reduce the impact on the MBB users, puncturing indication schemes can be considered.



Summary of Question 3.9: Two companies point out puncturing indication schemes that could be considered to improve the eMBB/URLLC multiplexing in conjunction with potential eMBB PDSCH puncturing. One company raising the issue of enabling SPS transmission to start at any symbol within an (s)TTI to reduce the latency additionally. 

Observation 3.9: Puncturing indication for MBB PDSCH traffic and increased number of SPS starting points within a TTI might need further discussion. 



Enhancements to UL control operation
Based on the contributions [1-12], the following aspects have been discussed by at least one company:
· Power control enhancements (e.g. for PUCCH)
· HARQ-Ack repetition 
· Enhancements to reduce the NACK-to-Ack error rate

Question 4.1: Should PUCCH power control enhancements be studied and/or specified? If so, please provide details on your envisioned solution(s). 
	Company
	Views

	Nokia, NSB
	TPC enhancements for ACK/NACK and SR on PUCCH can be studied 

	Ericsson
	To add reliability, the initial power parameter P0 in the TPC loop could be set to a more robust value (up to implementation).  This would improve SR reliability and Nack to ACK  errors.

	ZTE, Sanechips
	PUCCH TPC enhancements can be considered if it is workable.   

	Intel
	No initial input on this topic

	Huawei, HiSilicon
	At least the NACK to ACK probability should be decreased. To support dynamic switching of multiple URLLC traffic type with different reliability and latency requirement, the error probability of NACK to ACK should dynamicly switch and the required transmission power can be different.

	Qualcomm
	The URLLC PUCCH power control can be configured independent of those of the legacy/sTTI . 

	LGE
	For higher reliability, some power control parameter(s) such as P0 can be separately configured for PUCCH corresponding to URLLC PDSCH.

	MediaTek
	UL Power control configuration to improve reliability of Nack to Ack error can be studied.



Summary of Question 4.1: Studies of PUCCH TPC enhancements seem to be supported by a large majority of companies. As specific techniques, enabling different TPC parameters (such as P0) have been mentioned to improve the Nack to Ack error rate (cmp. Q 4.3) and SR reliability (cmp. Q 5.6). 


Question 4.2: Should HARQ-Ack repetition/reliability enhancement techniques be studied and/or specified? If so, please provide details on your envisioned solution(s). 
	Company
	Views

	Nokia, NSB
	HARQ-Ack repetition is already part of the MTC LTE specifications. Such repetition could be configured and used also for URLLC type of operation. 

	Ericsson
	The case of HARQ-Ack repetition / reliability enhancement is for relaxed latency (10ms @BLER=1E-4). In the 1ms latency case, there is no possibility to even do one retransmission.  Based on sTTI, one could already configure the asymmetrical (2,7) DL/UL configuration instead of the (2,2). If we have to configure (2,2), then the PUCCH repetition can be used, as there is time for repetitions within the latency bound. Bundling and / or scheduling restriction can also be applied to avoid collision with consecutive PDSCH. 


	ZTE, Sanechips
	Yes.  HARQ-ACK repetition based on subslot can be considered and the number of repetition can be indicated by DCI or configured by RRC.

	Intel
	In general PUCCH repetitions should be enabled for the critical UL signals such as SR and HARQ-ACK.

	Huawei, HiSilicon
	As legacy LTE, the HARQ-ACK repetition times can be configured by RRC signaling. However, in legacy LTE, if one UE is configured with HARQ repetition, to avoid the PUCCH collision, eNB will not schedule this UE in following TTIs. This would increase the URLLC latency a lot, there should be enhanced in URLLC. To solve the PUCCH collision, channel selection can be considered to transmit multiple HARQ in one PUCCH. 


	Qualcomm
	PUCCH repetition can be considered when the latency bound is 10ms. 

	LGE
	For the requirement of {1ms, target BLER=10^-5}, retransmission is not a feasible option, and thus HARQ-ACK repetition needs to be taken into consideration. Considering the current HARQ-ACK repetition in LTE is enabled by higher-layer signaling, some enhancement regarding how to enable by adding dynamic nature would be beneficial. For HARQ-ACK reliability enhancement, PUCCH repetition or segmentation using secondary cell(s) as well as primary cell can be considered.  

	MediaTek
	Enhancements of HARQ-ack on sPUCCH can be studied. 



Summary of Question 4.2: Several companies point out here, that the PUCCH reliability will not have a direct effect on the URLLC performance with the most stringent latency bounds (such as 10-5 within 1ms) but for less stringent latency requirements PUCCH repetition techniques could be considered. Again, the reliability of HARQ-Ack and SR have been specifically mentioned by more than one company. 
Two companies discussing the repetition to be dynamically indicated (in the DCI, in contrast to the LTE higher-layer configuration). One company pointing out possible PUCCH collision (in case of repetition) that needs further attention.

Question 4.3: Should enhancements to reduce the Nack-to-Ack probabilty be studied and/or specified? If so, please provide details on your envisioned solution(s).
	Company
	Views

	Nokia, NSB
	This could be studied, but for certain delay targets it will anyhow not be possible to rely on HARQ-based re-tx to achieve the latency boundary. 
HARQ-Ack repetition is clearly one simple way to improve it (maybe no need to do anything else than Q4.2)

	Ericsson
	We are fine with studying NACK power boosting to reduce the Nack to Ack errors, although realizing that this does not help the performance in the power limited scenario which should be covered by the work. 

	ZTE, Sanechips
	Yes. The overall PUCCH performance should be improved if possible. For example, an IFDMA structure as proposed in sTTI discussion could be considered. Ways specifically designed for improvement of NACK to ACK probability can be studied. 

	Intel
	The NACK-to-ACK error is critical for URLLC when feedback based reatransmissions are assumed. If confirmed by evaluations that the error is not negligible, then enhancements would be required. Both power boosting and repetitions are possible candidates.

	Huawei, HiSilicon
	Considering the impact of NACK-to-ACK to URLLC performance, this should be studied. The NACK power boosting can be indicated dynamically considering different traffic requirements.

	Qualcomm
	Some enhancements can be considered if needed. 

	LGE
	Allocating time/frequency/power resources to NACK state and ACK state differently can be further studied. For instance, multiple PUCCH resources can be pre-configured and each of HARQ-ACK states is distinguished by combinations of different resources and modulated symbols, and all combinations excluding a combination for ACK state can be regarded as NACK. More specifically, for 1 bit HARQ-ACK, if ACK state is indicated by (PUCCH resource#1, modulated symbol#1) while NACK state is indicated by (PUCCH resource#2, modulated symbol#2), then all other combinations will be treated as NACK unless a UE detects modulated symbol#1 on PUCCH resource#1. For another example, UL power control parameter(s) might be applied to ACK and NACK states differently. More power can be used for indicating NACK state compared to ACK state.

	MediaTek
	Enhancements of Nack-to-Ack probability on sPUCCH can be studied – i.e. Support of different sPUCCH transmission power level depending on whether ACK or NACK is transmitted.



Summary of Question 4.3: There seems to be consensus between companies, that the Nack-to-Ack error propability will have an impact on URLLC PDSCH operation and that studies on how to improve it are required. The techniques discussed in Q 4.1 (TPC/power boosting) and Q 4.2 (PUCCH repetition) are mentioned by several companies in this respect. In addition, one company discusses the usage of IFDMA and one company of HARQ-Ack state dependent PUCCH resource mapping. 

Looking at the summary of Questions 4.1 to 4.3 the following is proposed: 

Proposal 4.1: Study PUCCH enhancements for URLLC traffic to reduce the Nack-to-Ack error rate and improve SR reliability. The candidate techniques (beside others) may include different TPC parameters (such as P0), HARQ-Ack state dependent power boosting and PUCCH repetition techniques. 



Question 4.4: Please provide your input on any other aspects related to UL control /HARQ-Ack reliability not covered by the questions above. 
	Company
	Views

	Nokia, NSB
	No intial input from our side at this point of time. 

	Ericsson
	One additional possibility to enhance HARQ reliability and specially reduce NACK to ACK error would be by using some sort of combined decision out of the repetitions of PUCCH. 

	ZTE, Sanechips
	The IFDMA structure for PUCCH proposed in sTTI discussion (R1-1712326, R1-1719662) could be considered.

	Huawei, HiSilicon
	In current LTE, HARQ-ACK piggy back on PUSCH is via puncturing the data symbol, which is not preferred for the reliability of PUSCH. Moreover, if both the DL and UL traffic is URLLC, both the reliability and latency of HARQ and PUSCH should be ensured.  Then, rate matching instead of puncturing may considered in this case.



Summary of Question 4.4: One company discusses the negative impact of UCI puncturing URLLC PUSCH and suggesting to apply PUSCH rate-matching around UCI for URLLC PUSCH transmissions. The IFDMA and PUCCH repetition input is handled in the summary of 4.3 handled already.  


Enhancements to UL-SCH/PUSCH operation 
Based on the contributions [1-12], the following aspects have been discussed by at least one company:
· UL SPS enhancements / grant free transmission
· Blind/HARQ-less repetition / TTI-aggregation (i.e. temporal diversity)
· Lower MCS / more TX resources
· Increased spatial/frequency diversity for PUSCH
· Power control enhancements
· SR enhancements (repetition, LCH mapping, etc.)
· 1-symbol PUSCH repeated within subslot sTTI

Question 5.1: Should UL SPS enhancements be studied and/or specified? If so, please provide details on your envisioned solution(s). 
	Company
	Views

	Nokia, NSB
	For sTTI SPS, we enabled the configuration of the DM-RS to be used. We think that a similar enhancement of having the DM-RS usage (at least) configurable should be done also for 1ms TTI, to enable overbooking/resource-sharing & and thereby being able to efficiently utilize 1ms SPS periodicity with UL skipping. 

	Ericsson
	Yes.  A solution to manage HARQ in UEs using UL SPS with skip uplink should be studied. 
 In UL SPS transmission with SkipUplinkTransmission being configured, eNB does not expect a transmission in every resource, and thus does not react if a transmission is not detected at eNB.  Thus, UE cannot be certain whether the initial UL transmission has been correctly detected   or if the transmission have been missed by the eNodeB. 
In order to cover the potential error case that the not-detected transmission attempt was actually a non-decodable transmission, LTE rel-14 assumes that the eNB reacts to that with sending a NACK on PHICH, and only sends an ACK on PHICH if an UL MAC PDU is correctly received.  In other words, an eNB can be expected to always send NACK on PHICH unless an MAC PDU is successfully received. On the UE side, UE only needs to inspect PHICH channel after it initiates an UL transmission, and acts accordingly. 
However, PHICH-less UL SPS for short TTI and 1ms TTI with short processing time may be used for URLLC.  If SkipUplink is configured and there is no PHICH channel, then eNB does not react if a transmission is not detected and this leads to transport block delivery error. This affects the reliability of UL SPS and enhancements to it should be considered.
 

	ZTE, Sanechips
	Yes. Techniques introduced in NR grant-free could be a reference. For example, using K repetitions for PUSCH and introducing hopping among each repetition could be considered to improve the reliability. 

	Intel
	Assuming skipping is already supported, almost no further enhancements are envisioned. In particular, we don’t see any motivation to introduce NR configured grant Type 1 like operation without activation/deactivation L1 signaling since the operation still assumes RRC_CONNECTED mode where SPS can be activated right after the connection (re)configuration.

	Huawei, HiSilicon
	Yes. UL SPS has been supported in sTTI. This mechanism together with UL skipping can regarded as the starting point for UL SPS enhancements. From the aspect of reliability, UL SPS without L1 activation signaling may also be considered. In addition, at least the following aspects can be considered for enhancements:
 (1) UL SPS transmission with repetition. According to the simulation results in R1-1719502, it was observed that Grant-free UL transmission with repetition can meet the targeted requirement (1ms latency, 10^-5 BLER). 
(2) if UL SPS transmission with repetition is specified, during the repetition of one TB, at least the HARQ process IDs computation, RV sequences design as well as the resource allocation (e.g. hopping between different transmission occasions) should be studied. Furthermore, from the aspect of latency, whether or not to allow UE to initiate UL SPS tansmission at any transmission occasion within the repetition of one TB needs to be studied. In addition, how to terminate the repetition should also be investigated.
(3) Since URLLC traffic is typically sporadic, from the view of resource utilization efficiency, multiple UEs may share the same UL SPS time/frequency. In this way, how to reduce the impact incurred by UL collision among UEs so as to ensure the targeted requirement needs to be investigatd. 
 (4) HARQ feedback for UL SPS with repetition with latency restriction needs to be studied. For example, If the latency requirement is not long enough to support HARQ feedback for UL SPS transmission with repetition, HARQ feedback for this case seems no sense. In this way, UE may assume ACK after the repetition.

	Qualcomm
	The sTTI SPS enhancements could be assumed as baseline. If needed, a repetition based transmission can further be studied.

	LGE
	We share the view with Ericsson. With the support of sTTI UL SPS and UL skipping, some enhancement related to HARQ ID and RV for UL SPS might be needed. 



Summary of Question 5.1: There seems to be broad consensus, that UL SPS with UL skipping is to be regarded as an integral part of the UL URLLC operation. 
Two companies highlighting the issue of needed enhancement in terms of HARQ for PHICH-less UL SPS (i.e. HARQ-Ack missing), whereas one company suggesting the UE to assume ‘Ack’ after its (blind) repetitions. 
Two companies mention needed studies on HARQ ID  and RV management as well as the related possible start of a UL SPS transmission (specifically considering blind/K-times repetition). 
One company suggesting to enable UL SPS without activation/deactivatgion signaling (as supported in NR, in contrast to LTE operation) whereas one company explicitly states to not support such enhancement. 
One company suggesting to enable (at least RRC configurable) UL DM-RS indication for 1ms TTI SPS (as supported already for sTTI UL SPS). 

Proposal 5.1: Study UL SPS enhancements for URLLC. 


Question 5.2: Should blind/HARQ-less repetition for SPS and/or scheduled PUSCH be studied and/or specified? If so, please provide details on your envisioned solution(s). 
	Company
	Views

	Nokia, NSB
	Yes. 
The motivation to support this is even higher compared to PDSCH, as we need to take the possible UE power limitations into account (i.e. UL wideband transmissions of very low MCS may no be possible).
For scheduled transmissions, the blind repetition could be indicated in the DCI (potentially based on some pre-configured repetition options). For SPS operation, the repetition number K could be either higher layer configured or indicated in the actiation DCI.

	Ericsson
	1. On scheduled PUSCH, our opinion is similar to Question 3.1. That is to say, we see this as possible by network implementation with existing specifications. The current specification does not preclude the case that eNB transmits a consecutive UL-grant in time for the same HARQ process. More specifically, if the NDI field in the UL-grant is not-toggled, then the UE should interpret as a retransmission of the same transport block. Therefore, it seems that for SR-based UL transmission, the repetition can be done by network implementation. 

2. On SPS, we support the study and specification of harq-less repetition. For the sake of reduced specification efforts, we see a possible path similar to previously specified repetition schemes, such as TTI bundling or multi-subframe repetition:

a. Identify the need for fixed or dynamic number of repetitions
b. Discuss potential impact to RRC or DCI 
c. [bookmark: _Toc492481979][bookmark: _Toc492483220][bookmark: _Toc492483472][bookmark: _Toc492483729][bookmark: _Toc492987553][bookmark: _Toc492987557][bookmark: _Toc492994510][bookmark: _Toc492999884]Discuss frequency hopping of the repetition 


	ZTE, Sanechips
	Yes. As answered in Q 3.1 and Q 5.1, we think blind repetition is a simple way to improve the reliability and could be considered in LTE URLLC WI. 

	Intel
	PUSCH repetitions are critical for reliability of power limited UEs. In our understanding, for 1ms TTIs no enhancements are required since TTI bundling is available. For the sTTI options, similar behavior should be enabled by configuring a repetition factor for the currently scheduled sTTI.

	Huawei, HiSilicon
	Yes. Repetition for SPS and/or scheduled PUSCH can ensure the reliability associated with certain latency requirement. For scheduled PUSCH, the repetition number can be indicated in scheduling DCI. For SPS repetition, the repetition number can be indicated in L1 activation signaling or configured by higher layer signaling. 

	Qualcomm
	Similar to DL, repetitions with 1os granularity within the already defined sTTI boundaries can be considered.

	LGE
	Considering power limitation in UE side, blind/HARQ-less repetition for PUSCH would be essential for enabling URLLC in LTE. In addition, how to enable/activate blind/HARQ-less repetition for PUSCH also needs to be investigated. 

	MediaTek
	Repetition for scheduled PUSCH can be studied.



Summary of Question 5.2: All companies seem to suggest the support of blind/HARQ-less PUSCH repetition at least for UL SPS operation (through RRC configuration or indicating in the activation DCI). The combination with FH is mentioned by at least one company. 
For scheduled operation, one company (as in case of DL direction) pointing out that this can be done by scheduling each repetition separately whereas others seem to assume also the support with a single UL grant (based on higher layer configuration or dynamic indication in the DCI). 
One company suggesting repetition on 1-symbol level (cmp. Q5.7 – handled there). 

Proposal 5.2a: Support PUSCH repetition (on TTI level) as one key UL SPS enhancement for URLLC and study further how to realize it. The studies should at least include indication of the repetition factor in the activation DCI, higher layer configuration of the repetition factor and combining PUSCH repetition with TTI level FH.

Proposal 5.2b: Study blind/HARQ-less PUSCH repetition for scheduled PUSCH. The studies should at least include blind/HARQ-less PUSCH repetition based on a single UL grant with dynamic DCI indication of the repetition factor or higher layer configuration of the repetition factor as well as blind/HARQ-less PUSCH repetition based on independent PUSCH grants for each PUSCH transmission as well as combining PUSCH repetition with TTI level FH.



Question 5.3: Should lower MCS  (than MCS0) operation for PUSCH be studied and/or specified? If so, please provide details on your envisioned solution(s) taking the relation to Question 5.2 (i.e. blind repetition) into account. 
	Company
	Views

	Nokia, NSB
	For UL direction and considering the power limitation, blind repetition might be the better way to increase the redundancy information (due to the power limitations, less usefull for PUSCH compared to PDSCH). 
Therefore, the focus should be more on blind repetition discussed in Q 5.2. 

	Ericsson
	Support studying lower MCS. The available SINR for the 5percentile user (-1.8dB) cannot deliver the required reliability and repetition is not an option for the 1ms latency target.

	ZTE, Sanechips
	A new MCS table (e.g., a subset of current table) may be beneficial for URLLC. But a lower MCS than MCS0 may be not needed considering the efficiency and some alternative candidates like PUSCH repetition.

	Intel
	Same view as for Q3.2

	Huawei, HiSilicon
	As lower coding rate can be achieved by repetition, then MCS0 can achieved the required reliability.

	Qualcomm
	The current MCS values can be assumed as baseline.

	LGE
	Clearly, for enabling lower code rate, some specification effort seems necessary. As noted in our response to Q3.2, separate TBS scaling factor for lower code rate can be considered. Also, some of MCS entries would not be necessary any more since higher modulation order might not be useful considering small packet size in URLLC requirement. Moreover, reduced MCS entries will give smaller size of bit field for DCI as well.  

	MediaTek
	Study to determine new entries with lower MCS than MCS 0 in TBS / MCS tables will be needed.  



Summary of Question 5.3: The individual company inputs are very much aligned with their input given in the related PDSCH part. The relation to blind repetition, UE power limitation and available delay budget lead to different conclusions by different companies to support lower MCS. Clearly, some work on the MCS may be needed in related to the compact DCI (of Q2.1) also for PUSCH. 

Proposal 5.3: RAN1 to study URLLC PUSCH MCS definition/operation, considering in the study also the combination with other techniques such as blind/HARQ-less PUSCH repetition as well as the compact DCI design. 


Question 5.4: Should spatial/frequency diversity enhancements for PUSCH be studied and/or specified? If so, please provide details on your envisioned solution(s). 
	Company
	Views

	Nokia, NSB
	We did not encounter any useful enhancements in this area so far. 

	Ericsson
	Existing diversity schemes should be assessed before additional enhancements are considered. It is not clear to us that additional functionality need to be added.
 


	ZTE, Sanechips
	Current diversity schemes should be a baseline.

	Intel
	No initial input

	Huawei, HiSilicon
	No initial input currently.

	Qualcomm
	Agree with Ericsson.

	LGE
	Similar to PDSCH, there are existing diversity schemes for PUSCH in current LTE. Additionally, frequency hopping during time repetition for PUSCH per sTTI can be further considered.

	MediaTek
	Frequency diversity for PUSCH transmission for lower MCS  can be studied.



Summary of Question 5.4: For single TTI PUSCH transmission, it seems that companies think the existing PUSCH diversity techniques seems to be sufficient. For PUSCH repetition, TTI-specific FH is mentioned in this respect (discussed in Q5.2/Proposal 5.2 already). 

Observation 5.4: No additional diversity techniques for PUSCH transmission within a TTI have been identified. 

Proposal 5.4: For single TTI PUSCH transmission, use the existing supported PUSCH spatial/frequency diversity techniques as baseline for URLLC. Studies on other PUSCH spatial/frequency diversity techniques could be carried with low priority (if time permits).  


Question 5.5: Should power control enhancements for URLLC PUSCH be studied and/or specified? If so, please provide details on your envisioned solution(s). 
	Company
	Views

	Nokia, NSB
	Separate power control loop for URLLC PUSCH is clearly an option. But solutions like power boosting (if allowed) would need to be carefully studied taking the additional neighbor cell interference into account. 

	Ericsson
	No power control enhancements have been envisioned on top of the proposed reliability enhancements.

	ZTE, Sanechips 
	We didn’t identify any enhancements on this aspect.  

	Intel
	At least possibility to configure another OLPC parameters for URLLC traffic should be enabled (if not already possible by current specification). This will have an important purpose to protect URLLC from eMBB interference in case of overlapped transmissions.

	Huawei, HiSilicon
	This can be FFS.

	Qualcomm
	A separate power control loop can be considered. Further, it is possible to manage the transmission powers on different sub-bands separately depeding on whether they can be used for URLLC such that these bands are less prune to interference. 

	LGE
	For higher reliability, some power control parameter(s) such as P0 can be separately configured for URLLC PUSCH.

	MediaTek
	PUSCH power control enhancements are not seen as necessary in Rel-15. 



Summary of Question 5.5: Not all companies see an imminent need for PUSCH related TPC enhancements (in addition to the PUCCH reliability enhancements discussed in Sec. 4). Two companies mentioning separate power control loop, two companies discussing different TPC parameters (such as P0). One company discussing different TPC on different sub-bands (to provide different Q-values). 

Proposal 5.5: Study if PUSCH TPC enhancements are needed. Candidate techniques may include (beside others) separate TPC loops, separate TPC parameters as well as sub-band specific TPC.



Question 5.6: Should scheduling request enhancements for URLLC PUSCH be studied and/or specified? If so, please provide details on your envisioned solution(s). 
	Company
	Views

	Nokia, NSB
	SR power control enhancements could be studied (as noted in Q 4.1)
SR transmission for different TTI lengths with different LCH types is already supported as part of the sTTI design. No other proposed solutions known to us.  

	Ericsson
	SR repetition is already supported by the specifications (by setting a low SR periodicity and a low value of the sr-ProhibitTimer). Furthermore, similar to Q4.1, by setting a higher P0 the SR will become more reliable. It is not clear to us if any other measures are required.


	ZTE, Sanechips
	We didn’t identify any enhancements on this aspect. 

	Intel
	As already noted for HARQ-ACK, for both these channels repetitions are desirable. SR repetitions are already supported by MAC specification as pointed out by Ericsson.

	Huawei, HiSilicon
	Yes. According to our simulation results (R1-1719502), it was observed that at least the target of URLLC as 10ms latency with 10^-4 BLER can be achieved for data channel by Grant-based UL transmission with sTTI. 
SR enhancements can be considered including SR repetition. In addition, more SR configurations on top of sTTI could be further studied if different targeted reliability and latency requirements are considered.

	Qualcomm
	Power boosting and repetition-based schemes can be considered.

	LGE
	To meet the stringent latency requirement (e.g., 1ms), configuring multiple SR resources depending on the traffic type or multi-bit SR for indicating traffic types or buffer status can be considered. 

	MediaTek
	SR repetitions already supported in the specifications.  UL Power control configuration to improve reliability of SR can be studied.



Summary of Question 5.6: Several companies refer in terms of SR enhancements to the different PUCCH TPC (of Q4.1) and PUCCH repetition (in Q4.2). As PUCCH TPC enhancements and PUCCH repetition (to improving HARQ-Ack & SR reliability) studies are already handled/ suggested there (in Proposal 4.1), we refer to the summary in Section 4. 
Two companies otherwise discuss multiple SR configurations and/or multi-bit SR for indicating different URLLC targets (or related traffic types). 

Observation 5.6: Two out of 8 companies suggesting to study multiple SR configurations and/or multi-bit SR for indicating different URLLC targets (or related traffic types). 

Proposal 5.6: Studies on other SR enhancements than reliability enhancements (already mentioned in proposal 4.1), such as multiple SR configurations and multi-bit SR for indicating different URLLC targets (or related traffic types), could be carried out with low priority (if time permits).


Question 5.7: Should 1-symbol PUSCH repeated within subslot TTI be studied and/or specified? If so, please provide details on your envisioned solution(s).
	Company
	Views

	Nokia, NSB
	We don’t think that 1-symbol sTTI operation including containing the TB in one symbol and repeating it two times in a subslot sTTI with 3 symbols as proposed in [8] to be studied/supported. 
We don’t see any advantage of this operation compared to lower MCS of a single TB (with half the coding rate).  

	Ericsson
	Similar to the other 1-symbol question, we don’t see a need in studying this. 

	ZTE, Sanechips
	Share with Nokia, we don’t identify any advantage of this operation. On the other hand, multiplexing DMRS and data on one UL symbol would increase the PAPR.

	Intel
	Same as for Q3.8

	Huawei, HiSilicon
	This can be further studied whether any further benefits can be achieved.

	Qualcomm
	Yes, for the same reasons provided for DL, the repetition-based transmission with a 1-os granularity within the already defined sTTI boundaries could be useful.

	LGE
	Similar to PDSCH, no clear benefit from 1-symbol PUSCH repeated within subslot TTI is seen to us. 

	MediaTek
	Rel-15 2/3 OS sTTI should be working assumption. 1-symbol sTTI operations are not necessary to meet URLLC requirements and reduces applicability of frequency diversity - e.g. 12 Frequency repetitions  with 2/3 OS sTTI will require 100 PRBs with 1 symbol sTTI.



Summary of Question 5.7: Similar situation as for the PDSCH part: 6 out of 8 companies do not support such operation as either the benefits are unclear or the existing shorter TTI PUSCH operation should be applied. One company in addition highlighting the higher PAPR here.
One company suggests to study such operation and one additional company would be open for such studies in principle. 

Proposal 5.7: The URLLC studies should focus on existing PUSCH TTI lengths. Studies on 1-symbol PUSCH repetition could be carried with low priority (if time permits) later on. 


Question 5.8: Please provide your input on any other aspects related to UL-SCH/PUSCH not covered by the questions above. 
	Company
	Views

	Nokia, NSB
	No intial input from our side at this point of time. 

	Huawei, HiSilicon
	Considering the network efficiency, the puncturing of eMBB traffic by URLLC traffic should also be considered. Otherwise, since the URLLC traffic is bursty and delay-sensitive, some frequency bandwidth have to be reserved to reduce latency of URLLC traffic, which would impact the system performance significantly.

	Qualcomm
	As mentioned by Huawei, it is beneficial to allow URLLC to puncture MBB resources, and reduce the puncturing impact by introducing puncturing indication schemes.

	LGE
	In CA scenario, URLLC PUSCH/PUCCH and non-URLLC PUSCH/PUCCH might be scheduled simultaneously by eNB (even via different TTI lengths according to the purpose). In order to protect URLLC traffic, some collision handling such as power control and/or dropping rule would be required in the end. 



Summary of Question 5.8: As for the DL direction, URLLC puncturing MBB (& possible puncturing indication) is mentioned by two companies although it is not fully clear what is meant here as for an MBB UE there would be no puncturing (but possible UL collision with URLLC UL traffic of another UE, in contrast to DL/PDSCH). One company suggesting to investigate PUSCH TPC (for collision handling) or new dropping rules. 

Observation 5.8: More discussion is needed on MBB and URLLC PUSCH coexistence from single UE and multiple UE (i.e. MBB only UE / URLLC only UE) point of view. 


Summary and Conclusion
This document contains the input by different given on envisioned candidate techniques for LTE URLLC as well as a related summary and related proposals. 
Based on the input given by the different companies, the following proposals and observations are brought forward for RAN1 consideration:
DL control related (Section 2)
· Proposal 2.1: Study reduced size/compact DCI URLLC scheduling. The studies should at least include investigations on reduced resource allocation and MCS signaling overhead (other reductions are not precluded). 
· Proposal 2.2: Investigate the need for using more DL control resources for DCI transmission on a carrier within a TTI together with the studies on reduced size/compact DCI URLLC scheduling. Candidate techniques may (beside others) include support of AL16, DCI repetition as well as PDCCH candidate aggregation. 
· Observation 2.3: More discussion is needed on additional PDCCH diversity techniques such as time-domain repetition, carrier-domain repetition as well as spatial diversity enhancements for DM-RS based SPDCCH. 
· Proposal 2.4: Study the effect of false alarm rate on the URLLC performance. Candidate techniques to solve the issues (if identified) may (beside others) include using larger CRC size as well as using (a-priory) known information field content. 
· Observation 2.5: PDCCH blocking for URLLC has been mentioned by two companies which may require further attention. 

PDSCH related (Section 3)

· Proposal 3.1: Study blind/HARQ-less PDSCH repetition in different TTIs. The candidate techniques at least include dynamic DCI indication of the repetition factor, higher layer configuration of the repetition factor as well as issuing independent PDSCH assignments for each PDSCH transmission. PDSCH repetition may be combined with TTI level FH. 
· Proposal 3.2: Study URLLC PDSCH MCS definition/operation, considering in the study also the combination with other techniques such as blind/HARQ-less PDSCH repetition as well as the compact DCI design. 
· Observation 3.3: A large majority of companies think the existing supported spatial/frequency diversity techniques to be sufficient for URLLC. One company mentioning TX diversity support for single layer TM9 and one company suggesting PDSCH repetition in the carrier domain (in addition to PDCP data duplication).  
· Proposal 3.3: Use the existing supported PDSCH spatial/frequency diversity techniques as baseline for URLLC. Studies on other PDSCH spatial/frequency diversity techniques (e.g. TX diversity support for single layer TM9 or PDSCH repetition in the carrier domain) could be carried with low priority (if time permits).  
· Observation 3.4: More discussions might be needed on PDSCH HARQ-Ack enhancements to improve URLLC link-adaptation in case of unsuccessful TB decoding.  
· Proposal 3.5: Study at least the support of lower target BLER as URLLC CQI/CSI enhancement as well as the CQI relation with lower PDSCH MCS and/or PDSCH repetition. 
· Proposal 3.6: CBG-based PDSCH is not needed for URLLC operation. If time permits (with lower priority), enhancements to eMBB operation by using CBG-based PDSCH could be considered later on in this WI. 
· Observation 3.7: There seems to be no clear majority support of studying/supporting early termination techniques for blind/HARQ-less PDSCH repetition without individual DL assignment. Studies may be carried out if time permits. 
· Proposal 3.7: Study if early termination techniques are needed for URLLC operation.  
· Proposal 3.8: The URLLC studies should focus on existing PDSCH TTI lengths (incl. related processing time). Studies on 1-symbol PDSCH repetition (incl. a related processing time reduction) could be carried with low priority (if time permits). 
· Observation 3.9: Puncturing indication for MBB PDSCH traffic and increased number of SPS starting points within a TTI might need further discussion. 

PUCCH related enhancements (Section 4)
· Proposal 4.1: Study PUCCH enhancements for URLLC traffic to reduce the Nack-to-Ack error rate and improve SR reliability. The candidate techniques (beside others) may include different TPC parameters (such as P0), HARQ-Ack state dependent power boosting and PUCCH repetition techniques. 

PUSCH related enhancements (Section 5)
· Proposal 5.1: Study UL SPS enhancements for URLLC. 
· Proposal 5.2a: Support PUSCH repetition (on TTI level) as one key UL SPS enhancement for URLLC and study further how to realize it. The studies should at least include indication of the repetition factor in the activation DCI, higher layer configuration of the repetition factor and combining PUSCH repetition with TTI level FH.
· Proposal 5.2b: Study blind/HARQ-less PUSCH repetition for scheduled PUSCH. The studies should at least include blind/HARQ-less PUSCH repetition based on a single UL grant with dynamic DCI indication of the repetition factor or higher layer configuration of the repetition factor as well as blind/HARQ-less PUSCH repetition based on independent PUSCH grants for each PUSCH transmission as well as combining PUSCH repetition with TTI level FH.
· Proposal 5.3: RAN1 to study URLLC PUSCH MCS definition/operation, considering in the study also the combination with other techniques such as blind/HARQ-less PUSCH repetition as well as the compact DCI design. 
· Observation 5.4: No additional diversity techniques for PUSCH transmission within a TTI have been identified. 
· Proposal 5.4: For single TTI PUSCH transmission, use the existing supported PUSCH spatial/frequency diversity techniques as baseline for URLLC. Studies on other PUSCH spatial/frequency diversity techniques could be carried with low priority (if time permits).  
· Proposal 5.5: Study if PUSCH TPC enhancements are needed. Candidate techniques may include (beside others) separate TPC loops, separate TPC parameters as well as sub-band specific TPC.
· Observation 5.6: Two out of 8 companies suggesting to study multiple SR configurations and/or multi-bit SR for indicating different URLLC targets (or related traffic types). 
· Proposal 5.6: Studies on other SR enhancements than reliability enhancements already mentioned, such as multiple SR configurations and multi-bit SR for indicating different URLLC targets (or related traffic types), could be carried out with low priority (if time permits).
· Proposal 5.7: The URLLC studies should focus on existing PUSCH TTI lengths. Studies on 1-symbol PUSCH repetition could be carried with low priority (if time permits) later on. 
· Observation 5.8: More discussion is needed on MBB and URLLC PUSCH coexistence from single UE and multiple UE (i.e. MBB only UE / URLLC only UE) point of view. 
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