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Introduction
In this contribution, we discuss PUSCH related LTE URLLC candidate technical solutions.
The summary of the email discussion [91-LTE-10] on LTE URLLC candidate technical solutions contains the following proposals related to TB repetition. They are taken as basis for discussion in this contribution.

· 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. 


[bookmark: _Ref178064866]Discussion
RAN 1 discussed PUSCH related candidate techniques for URLLC as part of an email discussion. Techniques with their advantages and drawbacks were discussed by all interested companies and a summary was provided. This paper does not list all possible techniques but instead focuses on the most important URLLC techniques for PUSCH as proposed in the summary the email discussion 91-LTE-10. We agree with all PUSCH-related proposals from the email discussion 91-LTE-10. Considering the tight latency requirement, the focus should be on studying and potentially defining a blind/HARQ-less PUSCH repetition scheme for scheduled UL, a repetition scheme for UL SPS and new URLLC PDSCH MCS definition/operation. Further optimization techniques should be studied and specified if time permits.
[bookmark: _Toc505268396][bookmark: _Toc505268835][bookmark: _Toc505679436][bookmark: _Toc505773604][bookmark: _Toc505773692][bookmark: _Toc505958003][bookmark: _Toc506215815][bookmark: _Toc506380206][bookmark: _Toc506541329][bookmark: _Toc506541405][bookmark: _Toc506541516][bookmark: _Toc506541614][bookmark: _Toc506541661][bookmark: _Toc506541750][bookmark: _Toc506542058]Agree on proposals 5.1, 5.2a, 5.2b, 5.3, 5.4, 5.5, 5.6, 5.7 of the email discussion 91-LTE-10

PUSCH link level performance 
To identify if any improvement techniques are needed, the link performance of subframe/slot/subslot PUSCH has been evaluated. The most challenging scenario among the agreed ones was found to be TDL-C 363ns delay spread and 3km/h UE speed. Simulation assumptions are listen in the Annex.
The target SNR for PUSCH is not yet defined. It is around -1.8dB if random allocation is assumed and around 2.5 dB if channel dependent allocation is assumed, see [3].
Figure 1 shows the results for subslot (2-os TTI) and subframe (14-os TTI) PUSCH for the TDL-C 363 ns channel. From the simulations we can see that for subframe PUSCH, the target is met. However, without repetitions/retransmissions, the target using random resource allocation cannot be reached using MCS0 for subslot transmission. The technique of transport block repetition can increase the reliability and improve the link-level performance. 
[bookmark: _Toc506541751][bookmark: _Toc506542059]Support transport block repetition in UL for URLLC for LTE
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[bookmark: _Ref506447734]Figure 1 Subslot and suframe PUSCH performance for TDL-C 3km/h, for MCS 0.
[bookmark: _Toc506541331][bookmark: _Toc506541407][bookmark: _Toc506541518]Another method to improve the BLER performance is the use of lower code-rate. For 2-os subslot transmission, it is not possible to have lower code-rate than MCS0 (considering that we are transmitting 32 Bytes by maximum 100 RBs). However, the lower code-rate than MCS0 can be beneficial for 3-os subslot-, slot- and subframe-transmissions.
[bookmark: _Toc506541332][bookmark: _Toc506541408][bookmark: _Toc506541519][bookmark: _Toc506541616][bookmark: _Toc506541663][bookmark: _Toc506541752][bookmark: _Toc506542060]Further investigate the benefits of supporting a MCS lower than MCS0

TB repetition for SPS UL
The average UL latency with subslot transmissions with and without SPS is shown in Table 1) It can be seen that SPS is required in UL to meet the 1ms latency requirement. In addition, it is not possible to rely on HARQ retransmission to ensure reliable communication since with the induced additional HARQ RTT the latency requirement will not be fulfilled. Instead, HARQ-less TB repetition for SPS UL can be used to ensure the required reliability is met within the latency bound, especially if a large RB allocation to support low MCS cannot be scheduled to a UE (e.g. due to multiplexing with other UEs).
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[bookmark: _Ref506553978]Table 1 Average UL latency with subslot transmission (0.17ms av. Tx duration)
	Step 
	Description 
	SR-based 
	SPS-based

	1.0
	Scheduling request transmission
	0.17ms
	 -

	1.01
	SR processing and scheduling delay 

	3*0.17ms
	-

	1.02
	UL grant transmission
	0.17ms
	-

	1.1
	UL grant processing and UL data preparation
	3*0.17ms
	-

	1.2 
	Frame Alignment
	0.5*0.17
	0.5*0.17

	1.3 
	UL Data channel transmission duration
	0.17
	0.17

	1.4 
	Receiver Processing Delay 
	2/3 * 3 * 0.17
	2/3 * 3 * 0.17

	1.5
	HARQ Retransmission 
	0
	

	
	Total one way delay [ms] 
	1.9550 ms
	0.5950ms



The number of repetitions for UL SPS, K, should be chosen by the eNB based on the latency and BLER requirement of the intended service. K can be then either configured over RRC or included in the activation DCI. A RRC configuration of K is appropriate and does not induce DCI size increase.
[bookmark: _Toc505773694][bookmark: _Toc505958005][bookmark: _Toc506215817][bookmark: _Toc506380208][bookmark: _Toc506541334][bookmark: _Toc506541410][bookmark: _Toc506541521][bookmark: _Toc506541618][bookmark: _Toc506541665][bookmark: _Toc506541754][bookmark: _Toc506542062][bookmark: _Toc505679438][bookmark: _Toc505773606]The number of repetitions K for SPS UL is RRC configured 

To achieve the lowest delay until a packet is transmitted in UL and improve reliability, the UL SPS repetition scheme should allow the UE to transmit a packet as soon as it is ready and repeat it K times. The desired behaviour of an UL SPS repetition scheme is illustrated in Figure 1.
[bookmark: _Toc505679439][bookmark: _Toc505773607][bookmark: _Toc505773695][bookmark: _Toc505958006][bookmark: _Toc506215818][bookmark: _Toc506380209][bookmark: _Toc506541335][bookmark: _Toc506541411][bookmark: _Toc506541522][bookmark: _Toc506541619][bookmark: _Toc506541666][bookmark: _Toc506541755][bookmark: _Toc506542063]For LTE UL SPS combined with repetition, support a configuration where the UE is able to start transmitting a TB at any time
In addition, to achieve the lowest delay, each repetition should preferably be self-decodable. One way to do this is to use RV0 in each repetition of the sequence. The eNB can still apply soft combining. 
[bookmark: _Toc505679440][bookmark: _Toc505773608][bookmark: _Toc505773696][bookmark: _Toc505958007][bookmark: _Toc506215819][bookmark: _Toc506380210][bookmark: _Toc506541336][bookmark: _Toc506541412][bookmark: _Toc506541523][bookmark: _Toc506541620][bookmark: _Toc506541667][bookmark: _Toc506541756][bookmark: _Toc506542064]For LTE UL SPS combined with repetition, support a configuration where each of the K repetitions is self-decodable.

[image: C:\Users\elaefal\Desktop\Picture4.emf]
Figure 2	Desired behaviour of an UL SPS repetition scheme for K=4

The following was agreed for NR UL transmissions without grant.
· UL transmission without grant
· The possible values of the repetition K are four values and are {1, 2, 4, 8}
· For grant-free UL transmission, the UE is not expected to be configured with the time duration for the transmission of K repetitions larger than the time duration derived by the periodicity P
· Repetitions of the UL transmission 
· For RV sequence {0, 2, 3, 1, 0, 2, 3, 1}, the initial transmission of a TB shall start at the first transmission occasion of the K repetitions.
· For RV sequence {0, 3, 0, 3}, the initial transmission of a TB can start at any of the transmission occasions of the K repetitions that are associated with RV=0.
· For RV sequence {0, 0, 0, 0}, the initial transmission of a TB can start at any of the transmission occasions of the K repetitions;

Three SPS repetition schemes are supported in NR, all based on the principle that the SPS period P is larger than the time spanned by the number of repetitions K. There is a fixed starting point of the sequences of K repetitions and more importantly a fixed end. Figures 1, 2 and 3 illustrate these three schemes with K=P=4. 
For scheme 1, the UE must start at the first transmission occasion of the sequence. If data arrives later, it must wait until the start of the following sequence, as shown in Figure 1. Scheme 1 yields the longest delay for transmitting a packet in UL and does not seem suitable for URLLC traffic with tight latency budget. 
For schemes 2 and 3, the UE can start in the middle of the K repetitions’ sequence and transmit the same transport block with different RVs until the known end of the sequence. Comparing Figure 2 and Figure 3, scheme 3 yields the shortest delay for transmitting a packet in UL. Nevertheless, both schemes 2 and 3 in NR have the drawback that the UE may not perform the configured number of repetitions K. If the UE starts transmitting in the last TTI of the sequence while 4 repetitions were configured and desired, reliability cannot improve for the corresponding TB. 
For LTE, if an UL SPS repetition scheme is introduced in the LTE URLLC WI, it should guarantee a reliability improvement for each TB sent. Therefore, alternative SPS repetitions schemes than the ones supported in NR should be considered. If the eNB configures K repetitions, it means that K repetitions are desired. Therefore, the UL SPS repetition scheme should guarantee that K repetitions are performed.
[bookmark: _Toc505679427][bookmark: _Toc505773595][bookmark: _Toc505957994][bookmark: _Toc506215937][bookmark: _Toc506380195][bookmark: _Toc506541318][bookmark: _Toc506541394][bookmark: _Toc506541505][bookmark: _Toc506541603][bookmark: _Toc506541650][bookmark: _Toc506541739][bookmark: _Toc506542047][bookmark: _Toc506553889]The UL SPS repetition scheme 1 supported in NR with RV sequence {0, 2, 3, 1} induces the longest delay for transmitting a packet in UL and is not suitable for tight latency requirement
[bookmark: _Toc505679428][bookmark: _Toc505773596][bookmark: _Toc505957995][bookmark: _Toc506215938][bookmark: _Toc506380196][bookmark: _Toc506541319][bookmark: _Toc506541395][bookmark: _Toc506541506][bookmark: _Toc506541604][bookmark: _Toc506541651][bookmark: _Toc506541740][bookmark: _Toc506542048][bookmark: _Toc506553890]The other UL SPS repetition schemes supported in NR do not guarantee improved reliability
[bookmark: _Toc505679442][bookmark: _Toc505773609][bookmark: _Toc505773697][bookmark: _Toc505958008][bookmark: _Toc506215820][bookmark: _Toc506380211][bookmark: _Toc506541337][bookmark: _Toc506541413][bookmark: _Toc506541524][bookmark: _Toc506541621][bookmark: _Toc506541668][bookmark: _Toc506541757][bookmark: _Toc506542065]Support an UL SPS repetition scheme for LTE that guarantees K repetitions
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Figure 3	Illustration of NR SPS repetition scheme 1 for P=K=4
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Figure 4	Illustration of NR SPS repetition scheme 2 for P=K=4
[image: C:\Users\elaefal\Desktop\Picture3.emf]
Figure 5	Illustration of NR SPS repetition scheme 3 for P=K=4

TB repetition for UL
According to proposal 5.2b of section 1, at least three different schemes of PUSCH TB repetition have been identified during the email discussion [90-LTE-10].
· Scheme 1. K repetitions of PUSCH TB based on a single PUSCH grant
· Scheme 1a. dynamic DCI indication of the repetition factor
· Scheme 1b. higher layer configuration of the repetition factor
· Scheme 2. K repetitions of PUSCH TB based on K independent PUSCH grants for each PUSCH TB transmission. 

Both schemes 1 and scheme 2 work similarly in UL and DL in case of asynchronous UL HARQ operation. 
For 1ms TTI with legacy processing time, i.e. n+4, synchronous UL HARQ is applied. This means that the HARQ process ID is linked to the index of the scheduled subframe. With synchronous UL HARQ, the PUSCH transmissions scheduled in two consecutive subframes are treated as if they belonged to different HARQ processes. Repeating a PUSCH TB implies that PUSCH scheduled in consecutive subframes belong to the same HARQ process. PUSCH TB repetition is thus not compatible with synchronous UL HARQ operation. It is proposed to only support asynchronous UL HARQ for LTE URLLC UEs.
[bookmark: _Toc505268828][bookmark: _Toc505679429][bookmark: _Toc505773597][bookmark: _Toc505957996][bookmark: _Toc506215939][bookmark: _Toc506380197][bookmark: _Toc506541320][bookmark: _Toc506541396][bookmark: _Toc506541507][bookmark: _Toc506541605][bookmark: _Toc506541652][bookmark: _Toc506541741][bookmark: _Toc506542049][bookmark: _Toc506553891]PUSCH TB repetition requires asynchronous UL HARQ operation.
[bookmark: _Toc505268841][bookmark: _Toc505679443][bookmark: _Toc505773610][bookmark: _Toc505773698][bookmark: _Toc505958009][bookmark: _Toc506215821][bookmark: _Toc506380212][bookmark: _Toc506541338][bookmark: _Toc506541414][bookmark: _Toc506541525][bookmark: _Toc506541622][bookmark: _Toc506541669][bookmark: _Toc506541758][bookmark: _Toc506542066]Support asynchronous UL HARQ for LTE URLLC UEs 
Scheme 2 is the straightforward PUSCH repetition method. The eNB sends the same TB with a UL grant for the same HARQ process and does not toggle NDI. This is possible with asynchronous UL HARQ since the HARQ ID is included within the DCI/sDCI format used for sending UL grants. To exploit frequency diversity gains, different RBs can be allocated in the repetition(s) compared to the initial transmission. 
 Scheme 2 not only repeats PUSCH but also PDCCH. This has the advantage to increase the overall reliability. This has the drawback of large overhead, since the control channel takes resources in each repeated TTI. 
The idea with scheme 2 is that each repetition is self-decodable and does not depend on the preceding nor the following repetitions. This ensures improved reliability at the lowest delay. It seems that scheme 2 requires little (probably no) specification effort. 
An advantage of scheme 2 is that it allows an eNB to depart from the nominal K repetitions for any instance of granting resources for a TB as in some cases the eNB can be confident enough to determine that less than K repetitions are needed. This scheduling flexibility provided by scheme 2 may be very important when considering busy periods during which the provisioning of sufficient uplink resources can be challenging (i.e. the assumption is that an eNB deciding to prematurely terminate the nominal transmission of K repetitions (e.g. use K-2 instead) will be able to use those 2 uplink resources for other purposes).

[bookmark: _Toc505087595][bookmark: _Toc505266788][bookmark: _Toc505268829][bookmark: _Toc505679430][bookmark: _Toc505773598][bookmark: _Toc505957997][bookmark: _Toc506215940][bookmark: _Toc506380198][bookmark: _Toc506541321][bookmark: _Toc506541397][bookmark: _Toc506541508][bookmark: _Toc506541606][bookmark: _Toc506541653][bookmark: _Toc506541742][bookmark: _Toc506542050][bookmark: _Toc506553892]PUSCH TB repetition based on independent PUSCH grant for each PUSCH transmission increases reliability for both PUSCH and PDCCH
[bookmark: _Toc505266789][bookmark: _Toc505268830][bookmark: _Toc505679431][bookmark: _Toc505773599][bookmark: _Toc505957998][bookmark: _Toc506215941][bookmark: _Toc506380199][bookmark: _Toc506541322][bookmark: _Toc506541398][bookmark: _Toc506541509][bookmark: _Toc506541607][bookmark: _Toc506541654][bookmark: _Toc506541743][bookmark: _Toc506542051][bookmark: _Toc506553893]PUSCH TB repetition based on independent PUSCH grant for each PUSCH transmission naturally supports frequency hopping between repetitions
[bookmark: _Toc505266790][bookmark: _Toc505268831][bookmark: _Toc505679432][bookmark: _Toc505773600][bookmark: _Toc505957999][bookmark: _Toc506215942][bookmark: _Toc506380200][bookmark: _Toc506541323][bookmark: _Toc506541399][bookmark: _Toc506541510][bookmark: _Toc506541608][bookmark: _Toc506541655][bookmark: _Toc506541744][bookmark: _Toc506542052][bookmark: _Toc506553894]PUSCH TB repetition based on independent PUSCH grants for each PUSCH transmission requires little specification effort

With scheme 1 a single instance of DCI/sDCI indicates to the UE to attempt transmission of K repetitions of the TB using K consecutive instances of PUSCH starting with the first instance of PUSCH. This will allow for smaller control overhead compared to scheme 2. But any UE failure to receive the first (and only) instance of DCI/sDCI means the K instances of PUSCH/sPUSCH used for the K repetitions is wasted. Scheme 1 has a reliability issue. 
[bookmark: _Toc505087596][bookmark: _Toc505266792][bookmark: _Toc505268832][bookmark: _Toc505679433][bookmark: _Toc505773601][bookmark: _Toc505958000][bookmark: _Toc506215943][bookmark: _Toc506380201][bookmark: _Toc506541324][bookmark: _Toc506541400][bookmark: _Toc506541511][bookmark: _Toc506541609][bookmark: _Toc506541656][bookmark: _Toc506541745][bookmark: _Toc506542053][bookmark: _Toc506553895]PUSCH TB repetition based on a single PUSCH grant does not improve reliability if the PUSCH grant is missed
Scheme 1a which is based on indication of the repetition factor in the DCI comes with a larger DCI size, which goes in the opposite direction than the other candidate URLLC technical solution for PDCCH of DCI size reduction (see [3]). Configuring the repetition over RRC with scheme 1 seems sufficient since the number of repetitions is mainly dictated by the reliability and latency requirement. The number of repetitions is expected to be set in a rather conservative manner instead of relying on the knowledge of fast channel variations that may be inaccurate. One advantage with scheme 1 is the possibility to change the RV used for the repetitions. This provides incremental combining gains compared to scheme 2. However, if a high code rate is used, the receiver needs to wait for receiving all repetitions before being able to decode the data. If a low code rate is used, the initial transmission is self-decodable but at low code rate, the IR gains over chase combining are minor.
[bookmark: _Toc505087597][bookmark: _Toc505266793][bookmark: _Toc505268833][bookmark: _Toc505679434][bookmark: _Toc505773602][bookmark: _Toc505958001][bookmark: _Toc506215944][bookmark: _Toc506380202][bookmark: _Toc506541325][bookmark: _Toc506541401][bookmark: _Toc506541512][bookmark: _Toc506541610][bookmark: _Toc506541657][bookmark: _Toc506541746][bookmark: _Toc506542054][bookmark: _Toc506553896]PUSCH TB repetition based on a single PUSCH grant with indication of the repetition factor in the DCI increases DCI size
[bookmark: _Toc505266794][bookmark: _Toc505268834][bookmark: _Toc505679435][bookmark: _Toc505773603][bookmark: _Toc505958002][bookmark: _Toc506215945][bookmark: _Toc506380203][bookmark: _Toc506541326][bookmark: _Toc506541402][bookmark: _Toc506541513][bookmark: _Toc506541611][bookmark: _Toc506541658][bookmark: _Toc506541747][bookmark: _Toc506542055][bookmark: _Toc506553897]PUSCH TB repetition based on a single PUSCH grant can exploit IR gains but at low code rate the gain of IR over Chase combining are expected to be minor

Thus, scheme 2 should be considered as the baseline TB repetition scheme for PUSCH. Scheme 1a should not be supported due to the reliability and DCI size drawbacks. And the gains of scheme 1b over scheme 2 should be studied.
[bookmark: _Toc505087588][bookmark: _Toc505266798][bookmark: _Toc505268842][bookmark: _Toc505679444][bookmark: _Toc505773611][bookmark: _Toc505773699][bookmark: _Toc505958010][bookmark: _Toc506215822][bookmark: _Toc506380213][bookmark: _Toc506541339][bookmark: _Toc506541415][bookmark: _Toc506541526][bookmark: _Toc506541623][bookmark: _Toc506541670][bookmark: _Toc506541759][bookmark: _Toc506542067]TB repetition in UL is supported by independent PUSCH assignment for each PUSCH transmission 
[bookmark: _Toc505266799][bookmark: _Toc505268843][bookmark: _Toc505679445][bookmark: _Toc505773612][bookmark: _Toc505773700][bookmark: _Toc505958011][bookmark: _Toc506215823][bookmark: _Toc506380214][bookmark: _Toc506541340][bookmark: _Toc506541416][bookmark: _Toc506541527][bookmark: _Toc506541624][bookmark: _Toc506541671][bookmark: _Toc506541760][bookmark: _Toc506542068]Do not support PUSCH TB repetition based on a single PUSCH grant with repetition factor included in DCI
[bookmark: _Toc505266800][bookmark: _Toc505268844][bookmark: _Toc505679446][bookmark: _Toc505773613][bookmark: _Toc505773701][bookmark: _Toc505958012][bookmark: _Toc506215824][bookmark: _Toc506380215][bookmark: _Toc506541341][bookmark: _Toc506541417][bookmark: _Toc506541528][bookmark: _Toc506541625][bookmark: _Toc506541672][bookmark: _Toc506541761][bookmark: _Toc506542069]Study the gains of PUSCH TB repetition based on a single PUSCH grant and RRC configuration of the repetition factor K over PUSCH TB repetition with independent PUSCH assignment

UL DMRS position for subslot
The following UL DMRS positions are defined for subslot and depend on the subslot index. It can be seen that it is not possible to reduce the DMS overhead to the same level as subframe PUSCH in the second slot. URLLC requires low code rate. It is thus desired to maximize the number of data symbols in a subslot. Since URLLC targets small TBS, there should be no issue in allowing the pattern DDD in subslot 5.
[bookmark: _Toc505958013][bookmark: _Toc506215825][bookmark: _Toc506380216][bookmark: _Toc506541342][bookmark: _Toc506541418][bookmark: _Toc506541529][bookmark: _Toc506541626][bookmark: _Toc506541673][bookmark: _Toc506541762][bookmark: _Toc506542070]Support DMRS signalling of pattern DDD in subslot 5 for low TBS subslot PUSCH operation

	DMRS position pattern indicated by a UL grant scheduling sPUSCH in sTTI n
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Note: | denotes the boundary of sTTI n

MCS for URLLC
[bookmark: _Hlk506289567]As it could be seen from link level simulations (figure 1), MCS0 does not always fulfil reliability requirements in case of “one-shot” transmission. Therefore, introduction of lower coding rate can be considered. On the other hand, one should be very careful and do not pick extremely low coding rates, since their usage can be limited due to finite resource blocks. 
For testing applicability of very low coding rates, few cases are discussed for PUCCH with frequency diversity:
· Subslot (2os) allocation without DMRS and with PUCCH;
· Subslot (2os) allocation with DMRS and PUCCH;
· Slot with DMRS and PUCCH;
· Subframe with 2os DMRS and PUCCH;
Assuming QPSK as lowest modulation scheme, one can summarize available number of bits for channel encoding in the Table below. Then assuming target transport block size 256 bits with 24 bits CRC, min possible channel encoding rates can be summarized into the same table.

Table 2 - Allocated bits in UL for 100PRBs and QPSK.
	
	Available bits for channel encoding
	Encoding rate for 256 bits TBS

	Subslot (2os) w/o DMRS
	4704 bits
	0.05952

	Subslot (2os) with DMRS
	2304 bits
	0.12152

	Slot
	14112 bits
	0.01984

	Subframe
	28128 bits
	0.00995



As it is shown, it is possible to use code rate lower then MCS0 even for 2os TTI. In our view, a study is required in order to test MCS below MCS0. Coding rates down to 1/32 can be considered in the study to provide certain level of scheduling flexibility and reliability margin. For the study TBS table extension from our companion paper on PDSCH can be taken.

[bookmark: _Toc506380205][bookmark: _Toc506541328][bookmark: _Toc506541404][bookmark: _Toc506541515][bookmark: _Toc506541613][bookmark: _Toc506541660][bookmark: _Toc506541749][bookmark: _Toc506542057][bookmark: _Toc506553898]Code rates less then MCS0 might be allocated in UL even in case subslot TTI.
[bookmark: _Toc506380217][bookmark: _Toc506541343][bookmark: _Toc506541419][bookmark: _Toc506541530][bookmark: _Toc506541627][bookmark: _Toc506541674][bookmark: _Toc506541763][bookmark: _Toc506542071]Extension of MCS/TBS table should be considered for URLLC at least for slot and subslot allocation case.
[bookmark: _Toc506380218][bookmark: _Toc506541344][bookmark: _Toc506541420][bookmark: _Toc506541531][bookmark: _Toc506541628][bookmark: _Toc506541675][bookmark: _Toc506541764][bookmark: _Toc506542072]Study of MCS/TBS table extension should be done for URLLC. Code rates down to 1/32 can be considered in the study.

Resource allocation
 In the uplink, two RA types exist. Type 0 allows a contiguous allocation with a 1RB granularity. Type 1 is based on type 0 but introduce a split allocation on each end of the system bandwidth, exploiting potential diversity gain at the cost of higher PAPR demands on the transmitting amplifier. It is proposed to enable RA type 1 by RRC configuration rather than using the current DCI differentiation bit for type 0/1.  To exploit frequency diversity via frequency hopping, a bit is included in the legacy DCI. To reduce the DCI size, frequency hopping should be configured over RRC for URLLC subframe PUSCH. 
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[bookmark: _Toc505958015][bookmark: _Toc506215827][bookmark: _Toc506380220][bookmark: _Toc506541346][bookmark: _Toc506541422][bookmark: _Toc506541533][bookmark: _Toc506541630][bookmark: _Toc506541677][bookmark: _Toc506541766][bookmark: _Toc506542074]Frequency hopping based resource allocation for URLLC subframe PUSCH is supported and RRC configured
subframe and slot URLLC
Assuming 32Bytes of payload (256bits), 10PRBs could be allocated with MCS0 for a UE with challenging SINR conditions. On the other hand, good UEs could transmit 256-bit payload with 1 or 2 RBs on subframe PUSCH. Therefore, it seems undesirable to make the granularity of RA for subframe PUSCH coarser. Instead, some scheduling restrictions in terms of available RBs for scheduling URLLC subframe PUSCH could be configured over RRC. For instance, already with an allocation of 15 RBs a code rate of ~5% can be achieved assuming QPSK modulation for subframe PUSCH. Therefore, it would be sufficient for the eNB to have the scheduling flexibility to choose the allocated RBs among 15RBs for subframe PUSCH. This would reduce the number of bits of the RA field to 7.
Thus, to allow a better control of the allocated bandwidth, as well as keeping the DL DCI bit count low, it is proposed to use the DCI field based on conditions set in RRC for which RBG in the allocated bandwidth can be scheduled. The DCI field is then a subset map of the allocated bandwidth instead of the current full bitmap. This way, the granularity is kept to a fine level for Ues in good coverage, while the DCI is size is efficiently reduced. 

[bookmark: _Toc506215828][bookmark: _Toc506380221][bookmark: _Toc506541347][bookmark: _Toc506541423][bookmark: _Toc506541534][bookmark: _Toc506541631][bookmark: _Toc506541678][bookmark: _Toc506541767][bookmark: _Toc506542075]For URLLC, UL RA is based on a RRC configured subset of the allocated bandwidth bitmap.  The RRC subset definition is FFS. 
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With the same reasoning as for subframe PUSCH, it is undesirable to increase the RBG size of RA for URLLC slot PUSCH. Instead, some scheduling restrictions on the available RBGs for scheduling can be configured over RRC. For instance, with 6 bits for the RA field, 10 RBGs can be allowed for URLLC slot PUSCH scheduling.  
[bookmark: _Toc505958017][bookmark: _Toc506215831][bookmark: _Toc506380225][bookmark: _Toc506541351][bookmark: _Toc506541427][bookmark: _Toc506541538][bookmark: _Toc506541635][bookmark: _Toc506541682][bookmark: _Toc506541771][bookmark: _Toc506542079]Keep sRBG size for slot URLLC PUSCH and limit the choice of schedulable sRBGs by RRC configuration. 

Subslot URLLC
To support a very low code rate with subslot PUSCH that can contain only 1 data symbol, the full bandwidth should be schedulable to a URLLC subslot UE. Therefore, limiting the amount of sRBGs available for subslot PUSCH scheduling is to be avoided. Due to the larger required bandwidth, one option is to increase further the RBG size for URLLC subslot UEs. Assuming 2 data symbols in a subslot PUSCH (which is the lowest RS overhead per subslot), for 32B payload, more than 12 RBs are necessary with QPSK 1/3 code rate. Therefore, the RGB size could be increased to 12 RBs. Table x shows the corresponding RA field size.
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[bookmark: _Ref506453588]Table 3	RA type 0 with RBG size of 12 RBs for subslot URLLC operation
	Bandwidth (RB)
	RBG size for subslot URLLC
	Number of RBGs for subslot URLLC
	Required number of bits of RA field for UL subslot URLLC

	25
	12
	2
	2

	50
	12
	4
	4

	75
	12
	6
	5

	100
	12
	8
	6




Conclusion
In section 2 we made the following observations:
Observation 1	SPS combined with TB repetition is necessary to meet the 1ms latency requirement at  10-5 reliability in UL.
Observation 2	The UL SPS repetition scheme 1 supported in NR with RV sequence {0, 2, 3, 1} induces the longest delay for transmitting a packet in UL and is not suitable for tight latency requirement
Observation 3	The other UL SPS repetition schemes supported in NR do not guarantee improved reliability
Observation 4	PUSCH TB repetition requires asynchronous UL HARQ operation.
Observation 5	PUSCH TB repetition based on independent PUSCH grant for each PUSCH transmission increases reliability for both PUSCH and PDCCH
Observation 6	PUSCH TB repetition based on independent PUSCH grant for each PUSCH transmission naturally supports frequency hopping between repetitions
Observation 7	PUSCH TB repetition based on independent PUSCH grants for each PUSCH transmission requires little specification effort
Observation 8	PUSCH TB repetition based on a single PUSCH grant does not improve reliability if the PUSCH grant is missed
Observation 9	PUSCH TB repetition based on a single PUSCH grant with indication of the repetition factor in the DCI increases DCI size
Observation 10	PUSCH TB repetition based on a single PUSCH grant can exploit IR gains but at low code rate the gain of IR over Chase combining are expected to be minor
Observation 11	Code rates less then MCS0 might be allocated in UL even in case subslot TTI.

Based on the discussion in section 2 we propose the following:
Proposal 1	Agree on proposals 5.1, 5.2a, 5.2b, 5.3, 5.4, 5.5, 5.6, 5.7 of the email discussion 91-LTE-10
Proposal 2	Support transport block repetition
Proposal 3	Support a MCS lower than MCS0
Proposal 4	Repetition is supported for LTE UL SPS
Proposal 5	The number of repetitions K for SPS UL is RRC configured
Proposal 6	For LTE UL SPS combined with repetition, support a configuration where the UE is able to start transmitting a TB at any time
Proposal 7	For LTE UL SPS combined with repetition, support a configuration where each of the K repetitions is self-decodable.
Proposal 8	Support an UL SPS repetition scheme for LTE that guarantees K repetitions
Proposal 9	Support asynchronous UL HARQ for LTE URLLC UEs 
Proposal 10	TB repetition in UL is supported by independent PUSCH assignment for each PUSCH transmission
Proposal 11	Do not support PUSCH TB repetition based on a single PUSCH grant with repetition factor included in DCI
Proposal 12	Study the gains of PUSCH TB repetition based on a single PUSCH grant and RRC configuration of the repetition factor K over PUSCH TB repetition with independent PUSCH assignment
Proposal 13	Support DMRS signalling of pattern DDD in subslot 5 for low TBS subslot PUSCH operation
Proposal 14	New MCS/TBS table should be designed for URLLC. Lower coding rates than existed should to be introduced.
Proposal 15	URLLC MCS/TBS table should support code rates down to 1/32.
Proposal 16	Type 1 and type 0 RA are supported, with the differentiation bit in DCI  moved to RRC
Proposal 17	Frequency hopping based resource allocation for URLLC subframe PUSCH is supported and RRC configured
Proposal 18	For URLLC,  UL RA is based on a RRC configured subset of the allocated bandwidth bitmap.  The RRC subset definition is FFS.
Proposal 19	For URLLC subframe PUSCH, keep 1 RB granularity for PUSCH RA type 0 and limit the choice of schedulable RBs by RRC configuration
Proposal 20	Keep sRBG size for slot URLLC PUSCH and limit the choice of schedulable sRBGs by RRC configuration.
Proposal 21	Consider increasing subslot PUSCH RA type 0 RBG size to 12 RBs for URLLC
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Annex
Link-level simulation assumptions

Table 2 Simulation assumptions
	Carrier frequency
	700 MHz

	Bandwidth
	20 MHz (100 RB)

	Channel
	TDL-C 363ns

	TTI length
	Subframe (14-os TTI) and subslot (2-os TTI)

	MCS
	MCS 0, payload size=232 bits (29 B)

	Transmission mode
	1 TX;  2 RX

	Channel estimation
	practical

	Number of Transmissions
	1 (No HARQ)
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