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1.Introduction
The objective of this email discussion is to collect the views of companies on different aspects of sPDCCH multiplexing with sPDSCH for sTTI. Companies are encouraged to respond to the questions listed in Sections 2-4 by June 22nd, 2017.
2. Multiplexing of sPDCCH and sPDSCH in 1-slot sTTI
It has been agreed that sPDCCH is configured as set of RBs similarly to EPDCCH. This implies that sPDCCH and sPDSCH can be FDMedin 1-slot short TTI. In addition, it has been agreed that CRS-based sPDCCH can be 1, 2 or 3(FFS)-OS long and DMRS-based sPDCCH is 2OS long. In this section, we would like to collect opinions on possibility of TDM between data and control in 1-slot sTTI. 
Q1: Do you agree that TDM between sPDCCH and sPDSCH is beneficial for 1-slot sTTI, because at least the remaining resource in sPRB configured for RB-set can be used for data transmission without additional dynamic signaling. 
	Company
	Views

	Ericsson
	Both TDM and FDM should be supported between sPDCCH and sPDSCH. If sPDCCH does not span the whole bandwidth, it would be more efficient to use the non-used RBs for sPDSCH. ? 
Additional dynamic signalling is needed to give the flexibility to the eNB to configure overlapping RB set to different UEs. In this case, a UE cannot assume that remaining resource in sPRB configured for RB set is available for data.  

	Samsung
	Yes, TDM is beneficial for 1-slot sTTI.

	ZTE
	If pure TDM between sPDCCH and sPDSCH is applied and no additional sinaling is needed for sPDSCH to use the remaining resources left by sPDCCH, much scheduling restrictions are expected, e.g., the frequency region of sPDCCH and sPDSCH are the same. To be more flexible, we prefer both TDMed and FDMed are supported between sPDCCH and sPDSCH.
Note, for Q#1~20, the following preconditions are assumed. 
· For sTTI#0 of both 1-slot sTTI and 2/3-symbol sTTI, sDCI is transmitted in PDCCH region, i.e., no sPDCCH in sTTI#0.
· There is no CRS-based sPDCCH/ CRS-based sPDSCH in MBSFN subframes.

	Nokia, ASB
	Yes

	Huawei, HiSilicon
	Both TDM and FDM should be considered for 1-slot sTTI, while pure FDM is not supported. For achieving higher resource utilization efficiency, unused sPDCCH resource should be used for sPDSCH also. Similar scheme for 2/3-symbol sTTI for unused sPDCCH resource indication can be reused.  

	Qualcomm
	The remaining resources within an sPRB can be used for data transmission to a user only if the RB set is assigned to the same user. Otherwise, a dynamic indication is needed.
For the case of a 1-slot sTTI operation, we propose to adopt one of the following approaches for control and data multiplexing: 
(1) Similar to our proposed scheme for the 2-symbol operation explained in details in R1-1708768 and email discussions [89-04,89-05], if RB sets are fully contained within one sRBG, and only one RB set is active in one sRBG, then reusing sPDCCH resources for data transmission can be accomplished via sending only a few bits. Adopting this scheme, however, depends on the final sRBG size for the 1-slot sTTI operation. 
(2) The second case could a pure TDM between data and control. In particular, we consider a case, where for slot0 of a subframe, sDCI is always located within the legacy PDCCH region. In that case, the first few symbols of slot0 are not available for sPDSCH transmission. For commonality, and also the ease of specification, the same approach can be applied to the 2nd slot of a subframe. Given that each RB set can span over up to 2 symbols (3 symbols is FFS), the first 2 symbols should not be used for data transmission. In this case, the number of usable resources for sPDSCH transmission in both slots would be almost the same. For scheme 2, no further indication is needed.
(3) A mixture of FDM and TDM can be adopted for multiplexing the 1-slot sPDCCH and sPDSCH in slot1 of a subframe. However, without any restriction, the indication of the remaining control resources for sPDSCH transmission, or indication of the resources used by another UE’s RB set for the purpose of rate-matching becomes very challenging, and would require a large number of bits, which in turn, increases the control overhead. In this case, to be able to use some of the resources for sPDSCH over the first 1-2 symbols of a slot (as opposed to scheme 2), the RBs forming an RB set(s) should be common across all users. Hence, users can easily rate-match their sPDSCH around these control resources without any indication. In terms of resource efficiency, scheme 3 is more favourable than scheme 2.

	Motorola Mobility, Lenovo
	In a sPDCCH RB-set, the REs of symbols where sPDCCH is not mapped to can be used for sPDSCH. 

	KT
	For simplicity, pure TDM is beneficial for 1-sot sTTI. However, for resource utilization and scheduling flexibility, we prefer TDM and FDM. Since total available resource for data transmission is very limited in sTTI, it seems to be more efficient that the remaining part of sPRB should be additionally used for sPDSCH transmission.

	Intel
	Yes. 

	LG Electronics
	Pure TDM between sPDCCH and sPDSCH for 1-slot sTTI can be considered as a simple approach considering that the control overhead is not that essential compared to that of 2/3-OS sTTI. One possible approach without additional dynamic signaling can be considered to support TDM/FDM. UE can assume that sPDSCH is rate-matched around sPDCCH which schedules the corresponding sPDSCH. If additional dynamic signaling is acceptable, some further optimization can be consdered. For example, eNB can dynamically indicate the last PRB index where an UE assumes resources from the first PRB to the indicated last PRB in a control region are used by control, and thus not used for data mapping.



Q2: Can CRS-based sPDCCH and CRS-based sPDSCH be TDMedin the same sPRB of 1-slot sTTI? (YES/NO)
If your answer is NO, please justify. 
	Company
	Views

	Ericsson
	Yes

	Samsung
	Yes

	ZTE
	Yes, but it is only applied to sTTI #1 in non-MBSFN subframes. 

	Nokia, ASB
	Yes

	Huawei, HiSilicon
	Yes. But as our reply for Q1, TDM+FDM can be considered also.

	Qualcomm
	Yes. Depending on which of the three schemes stated in our response to Question1 is adopted, FDM+TDM can also be considered.

	Motorola Mobility, Lenovo
	Yes. 

	KT
	Yes

	Intel
	Yes. 

	LG Electronics
	Yes. For a sPRB indicated by sDCI, CRS-based sPDSCH is mapped on the symbols excluding the number of symbols configured for sPDCCH.



Q3: Can DMRS-based sPDCCH and DMRS-based sPDSCH be TDMedin the same sPRB of 1-slot sTTI?(YES/NO) 
If your answer is YES,explain please how are the sPDCCH and sPDSCH DMRS multiplexed (e.g. shared/orthogonal DMRS, their position in time, possible connection to 2/3OS DMRS, etc.)?
	Company
	Views

	Ericsson
	Yes, DMRS based sPDCCH and DMRS based sPDSCH are TDMed in the same sPRB for slot TTI in case of 1 symbol long PDCCH. In that case sPDCCH has a separate DMRS pair located in OFDM symbols 1 and 2 for the first slot and 7-8 for the second slot. The sPDSCH DMRS pairs are located in OFDM symbol 3 and 4 for the first slot and 10-11 for the second slot. In high Doppler scenarios, a single DMRS pair in time domain for sPDSCH is not sufficient to ensure good demodulation performance at high MCS. A second DMRS pair in time domain is beneficial in that case. The second sPDSCH DMRS pair is located in symbols 5-6 in the first slot. sPDCCH and sPDSCH can share the DMRS pair located in symbols 7-8 in the second slot. The second DMRS pair of the second slot would be located in symbols 12-13.
In case the number of symbols for PDCCH > 1, for 1-slot sTTI, sDCI in sTTI0 is only transmitted in legacy PDCCH region.

	Samsung
	Yes.
Different OFDM symbol pairs can be used for sPDCCH and sPDSCH DMRSs.
When sDCI in the 1st slot of a subframe is transmitted in legacy PDCCH region, there is no DMRS-based sPDCCH in the 1st slot.

	ZTE
	Yes. 
For DL sTTI #1, DMRS for sPDCCH is located in symbol # 7,8 while DMRS for sPDSCH is located in symbol #9,10. No DMRS sharing is supported between sPDCCH and sPDSCH. 

	Nokia, ASB
	Yes. We prefer that the sPDSCH DMRS are placed in 2OS-sTTI#1 and 2OS-sTTI#4 and sPDCCH DMRS are placed in 2OS-sTTI#0 (if sPDCCH in 2OS-sTTI#0 is supported for CFI=1) and in 2OS-sTTI#3. Such, the DMRS of sPDSCH and sPDCCH are orthogonal and channel can be multiplexed in TDM. Note that the DMRS patterns of 2OS-sTTI and 1-slot-sTTI could be the same. 

	Huawei, HiSilicon
	Yes if only one DMRS pair is used for sPDSCH demodulation. However, if two DMRS pairs are needed for sPDSCH demodulation, sharing DMRS REs between sPDCCH and sPDSCH can be considered. For example, if sPDCCH and sPDSCH on the same RB(s) are transmitted to one UE, sPDCCH and sPDSCH can share the same DMRS port(s). If sPDCCH and sPDSCH are transmitted to different UEs, sPDCCH and sPDSCH can use different DMRS port. 

	Qualcomm
	For slot1 of a subframe, DMRS-based sPDCCH and DMRS-based sPDSCH can be TDM’ed. For sPDSCH, the DMRS pattern of the legacy LTE can be adopted. For the sPDCCH demodulation, depending on the processing timeline, a separate, front-loaded, DMRS may be considered.

	Motorola Mobility, Lenovo
	Yes. sPDSCH DMRS can follow PDSCH DMRS. 

	KT
	Yes. For only 1-slot sTTI in 2nd slot, DMRS for sPDCCH would be located in symbols #7,8 and DMRS for sPDSCH would be located in symbols #9,10. 

	Intel
	Yes, that can used for a 2nd slot. Separate DMRS for sPDCCH and sPDSCH can be baseline and DMRS sharing can be configurable based on UE geometry and channel condition.  

	LG Electronics
	Yes. Basically, sDCI in sTTI0 can only be transmitted in legacy PDCCH region and the DMRS-based sPDCCH can be applied to the second slot, if needed. It would be preferable to have orthogonal DMRS between DMRS-based sPDCCH and DMRS-based sPDSCH, since otherwise scheduling restriction should be imposed on the sPDSCH (i.e., The same sPRB should be used for sPDCCH and sPDSCH). The connection between the position of 2/3-OS and 7-OS DMRS may need to be further considered if needed.



Q4: Can DMRS-based sPDCCH and CRS-based sPDSCH be TDMed in the same sPRB of 1-slot sTTI? (YES/NO) 
If your answer is YES, please explain where the sPDCCH DMRS is placed.    
If your answer is NO, please explain why such multiplexing is not feasible.
	Company
	Views

	Ericsson
	Yes, if this combination is supported, DMRS based sPDCCH and CRS based sPDSCH are TDMed in the same sPRB for slot TTI in case of 1 symbol long PDCCH. In that case sPDCCH has a DMRS pair located in OFDM symbol 1 and 2 for the first slot and 7-8 for the second slot.
Even though feasible, the use case of such combination is unclear.
In case the number of symbols for PDCCH > 1, for 1-slot sTTI, sDCI in sTTI0 is only transmitted in legacy PDCCH region.

	Samsung
	Yes.
If DMRS-based sPDCCH can be transmitted in the 1st slot, then the first two OFDM symbols after legacy PDCCH can be used for DMRS.
For 2nd slot, the first two OFDM symbols in the 2nd slot can be used for DMRS. 

	ZTE
	Yes, no need to restrict eNB's behaviour. For DL sTTI #1, DMRS for sPDCCH is located in symbol # 7,8.

	Nokia, ASB
	Yes, the 1-slot sPDCCH is 2OS long, and coincides with 2OS-sTTI#3 and 2OS-sTTI#0 (if sPDCCH in 2OS-sTTI#0 is supported for CFI=1). Same conclusion applies as in Q3.

	Huawei, HiSilicon
	From UE perspective, we don’t see strong motivation to support DMRS-based sPDCCH scheduling CRS based sPDSCH. From cell perspective, it is possible that both DMRS based sPDCCH set and CRS based sPDCCH exist. For better resource utilization, CRS based sPDSCH can be scheduled to the sPRB with DMRS based sPDCCH set. In this case, it is possible that DMRS based sPDCCH and CRS based sPDSCH is TDMed in the same sPRB. 

	Qualcomm
	In our opinion, there is no use case for this combination. The DMRS-based sPDCCH could be useful in slot1 of MBSFN subframes. In that case, the data demodulation is also dependent on the presence of DMRS.

	Motorola Mobility, Lenovo
	Yes. For the second slot, sPDCCH DMRS can be sent in 2nd & 3rd symbols of the slot. 
If DMRS-based sPDCCH is supported for the first slot, 
· for CFI=1, still we can have DMRS in 2nd and 3rd symbols of the slot. 
· For CFI>1, if supported, FFS. 

	KT
	Yes. It could be candidates for sPDCCH DMRS positions in symbols 1, 2 of sTTI#0, and in symbols 7, 8 of sTTI#1 respectively, if legacy PDCCH with 1 OS length.

	Intel
	Yes, it is up to eNB scheduler.    

	LG Electronics
	Yes. sDCI in sTTI0 can only be transmitted in legacy PDCCH region and the DMRS-based sPDCCH can be applied to the second slot, if needed. The position of sPDCCH DMRS should be located within the sPDCCH at the first two symbols.



Q5: Can CRS-based sPDCCH and DMRS-based sPDSCH be TDMed in the same sPRB of 1-slot sTTI? 
If your answer is YES, please explain where the sPDSCH DMRS is placed.    
If your answer is NO, please explain why such multiplexing is not feasible.
	Company
	Views

	Ericsson
	Yes, CRS based sPDCCH and DMRS based sPDSCH are TDMed in the same sPRB for slot TTI. Our proposal for the sPDSCH DMRS pair is in OFDM symbol 3 and 4 for the first slot and 10-11 for the second slot. In high Doppler scenarios, a single DMRS pair in time domain is not sufficient to ensure good demodulation performance at high MCS. A second DMRS pair in time domain is beneficial in that case. The second sPDSCH DMRS pair is located in symbols 5-6 in the first slot. In the second slot, the DMRS pairs would be located in symbols 9-10 and 12-13.

	Samsung
	Yes.
OFDM symbols carrying legacy DMRS for PDSCH can be reused for sPDSCH DMRS in each slot.

	ZTE
	Yes. 
For DL sTTI #0, DMRS for sPDSCH is located in symbol #2,3 when CFI=1,2, and in symbol #3,4 when CFI=3. For DL sTTI #1, DMRS for sPDSCH is located in symbol #9,10.

	Nokia, ASB
	Yes, the DMRS 1-slot sPDSCH are placed in 2OS-sTTI#1 and 2OS-sTTI#4, while CRS-based 1-slot sPDCCH is at most 2 OS long (FFS on 3 OS). Therefore, to enable smooth multiplexing, we suggest that CRS-based 1-slot sPDCCH should be at most 2OS long. In the 1-slot-sTTI#0, the PDCCH is always included in 2OS-sTTI#0. Therefore, placing the sPDSCH DMRS in the 2OS-sTTI#0 would provide smooth multiplexing. Note that the position of 1-slot DMRS in 1-slot-sTTI#0 could be changing with CFI.  

	Huawei, HiSilicon
	In first slot, we prefer sDCI is carried on legacy CRS-based PDCCH, so CRS-based PDCCH and DMRS-based sPDCCH are TMDed.
In second slot, it is possible to allow CRS-based sPDCCH scheduling DMRS-based sPDSCH. In this case, TDM is possible. TDM+FDM is possible also. We slightly prefer that the location of DMRS Pair is located in the middle of the resource for sPDSCH in time domain. 

	Qualcomm
	For slot0 of a subframe, it is natural to send sDCI in the legacy control region. As a result, the CRS-based control and DMRS-based data are multiplexed in time domain. For slot1 of a subframe, depending on which of the three solutions stated in our response to Question 1 is adopted, either pure TDM or TDM+FDM can be considered.

	Motorola Mobility, Lenovo
	Yes. sPDSCH DMRS can have the same location as PDSCH DMRS.

	KT
	Yes, 1-slot sTTIs in both sTTIs 1st slot and 2nd slot could reuse legacy DMRS structure for sPDSCH transmission.

	Intel
	Yes. Regarding the DMRS position, we are supportive for Ericsson proposal. 

	LG Electronics
	Yes. Regarding the location of sPDSCH DMRS, legacy DMRS for PDSCH can be reused.



Q6: Do you have any other concerns related to sPDCCH and sPDSCH multiplexing in 1-slot sTTI?
	Company
	Views

	
	

	
	

	
	




3. Multiplexing of sPDCCH and sPDSCH in 2/3-OS sTTI 
It has been agreed that sPDCCH is configured as set of RBs similarly to EPDCCH. This implies that sPDCCH and sPDSCH can be FDMedin2/3-OS short TTI. In addition, it has been agreed that CRS-based sPDCCH can be 1 or 2-OS long and DMRS-based sPDCCH is 2-OS long (or FFS until the end of sTTI). In this section, we would like to collect companies opinions on the possibility of TDM between sPDSCH and sPDCCH in 2/3-OS sTTI.

CRS-based control

Q7: Can CRS-based sPDCCH and CRS-based sPDSCH beTDMed in 2/3OS sTTI (when DL control does not span all the symbols of sTTI)? (YES/NO)
If your answer is NO, please explain why TDM is not feasible. 
	Company
	Views

	Ericsson
	Yes

	Samsung
	Yes

	ZTE
	Yes. But sPDCCH and sPDSCH may aslo be TDMed&FDMed if sPDCCH only spans part of the BW and the unused sRBs left by sPDCCH are allocated to sPDSCH. 

	Nokia, ASB
	Yes, we do not see any issue with multiplexing e.g. 1OS-long CRS-based sPDCCH and sPDSCH in one short PRB

	Huawei, HiSilicon
	Yes. But TDM+FDM should be supported also for utilizing the unused sPDCCH resource for sPDSCH transmission. 

	Qualcomm
	Yes. In general, the CRS-based sPDSCH and sPDCCH can be multiplexed in both time and frequency domain in any of the 2/3-symbol sTTIs (sTTI0 might be an exception if sDCI is sent in the legacy PDCCH.)

	Motorola Mobility, Lenovo
	Yes. 

	KT
	Yes

	Intel
	Yes

	LG Electronics
	Yes.



Q8: Do you support the case where CRS-based sPDCCH schedules DMRS-based sPDSCH in the same sTTI for 2/3-OS sTTI? (YES/NO)
If your answer is NO, please explain why such scheduling combination is not to be supported.
	Company
	Views

	Ericsson
	Yes

	Samsung
	Yes

	ZTE 
	Yes, only in case of a 3-symbol sTTI with CRS-based sPDCCH occupying only one symbol. 

	Nokia, ASB
	Yes. We think that this very relevant case and should not be precluded. This case covers situations when the baseline CRS-based sPDCCH schedules the TM8-10. 

	Huawei, HiSilicon
	Yes. It provides the chance to reduce the DMRS overhead. And it is also possible better performance of the sPDCCH can be achieved if accurate CSI feedback if not available for DMRS based sPDCCH transmission. 

	Qualcomm
	Yes. In non-MBSFN suframes, to reduce the control overhead, it is beneficial to only allow for data scheduling via a CRS-based sPDCCH.

	Motorola Mobility, Lenovo
	Yes. 

	KT
	Yes

	Intel
	Yes

	LG Electronics
	We prefer not to support this at least in the following cases
· CRS-based sPDCCH spans 1-OS where control and data can be TDM-ed
· CRS-based sPDCCH spans 2-OS in 3-OS sTTI where control and data can be TDM-ed 
To support the above cases, DMRS of sPDSCH should be mapped onto one of the symbols for CRS-based sPDCCH region since it was agreed that DL DMRS for 2-layer 2/3-OS sTTI occupies 2 symbols per sTTI. From UE perspective, CRS-based sPDCCH should always be rate-matched by DMRS of sPDSCH regardless of whether DMRS-based sPDSCH is scheduled or not in the corresponding sPRB. This can reduce the overall effective number of REs for CRS-based sPDCCH, and may also lead orphan issues. Depending on DM-RS pattern, the number of effective REs for sPDCCH can be quite small. In this sense, TDM between CRS-based sPDCCH and DMRS-based sPDSCH should be avoided.



Q9: If your answer is YES to Q8, can CRS-based sPDCCH be TDMed with DMRS-based sPDSCH in 2/3OS sTTI(when DL control does not span all the symbols of sTTI)? (YES/NO)
If your answer is YES, please explain how to multiplex sPDSCH DMRS with sPDCCH in the same sPRB. 
If your answer isNO, please explain why. 
	Company
	Views

	Ericsson
	To allow TDM between CRS based sPDCCH and DMRS based sPDSCH, the UE has to do rate matching around the DMRS positions of sPDSCH. To achieve the same BLER, a larger AL or more sREG/sCCE are needed to compensate for the larger RS overhead. When it comes to resource efficiency (which is critical for sTTI) it seems thus preferable to have FDM between CRS based sPDCCH and DMRS based sPDSCH. 

	Samsung
	No.
Before a UE successfully decodes sDCI, the UE cannot know which PRBs have DMRS-based sPDSCH. In this sense, there are two ways for the UE to decode sDCI: 1) puncturing/rate-matching all PRBs for possible DMRS of sPDSCH and 2) UE tries to blindly decode sDCI with/without DMRS existence. The method 1) brings too much wasted resources. The method 2) birings UE blind decode increasing. 
Therefore, we do not prefer to allow TDM of CRS-based sPDCCH and DMRS-based sPDSCH for 2/3OS sTTI.

	ZTE
	In case of 1-symbol CRS-based sPDCCH in a 3-symbol sTTI, CRS-based sPDCCH and DMRS-based sPDSCH can be simply TDMed in different symbols.  
Otherwise, TDM between CRS based sPDCCH and DMRS based sPDSCH in a 2/3-symbol sTTI is not supported. Similar reasons as Samsung metioned, ways to tackle this are either resource consuming or of a high processing complexity. 

	Nokia, ASB
	We think that a UE configured with CRS-based sPDCCH and DMRS-based sPDSCH can be also configured to expect DMRS in own DCI. Alternatively, an eNB may puncture sPDSCH DMRS in DCI and increase the AL.  

	Huawei, HiSilicon
	We feel this combination may need to be supported if CRS based sPDCCH scheduling DMRS based sPDSCH is supported. At least for achieving lower latency on sPDCCH decoding or higher frequency gain, 1-symbol sPDCCH may be needed. As to the ambiguity of the existence of DMRS, it is possible that UE could decode sPDCCH assuming DMRS is always there. Of course, FDM of CRS based sPDCCH and DMRS based sPDSCH should be supported also for achieving lower DMRS overhead if latency is not that critical. Therefore, whether TDM or FDM can depend on the configuration of sPDCCH.       

	Qualcomm
	A 1-symbol sPDCCH can be TDM’ed with sPDSCH in a 3-symbol sTTI, where the DMRSs are located over the last 2 symbols of an sTTI. For all other cases, whether multiplexing control and data in the time domain is feasible depends on the DMRS overhead and its impact on the control overhead. If due to the presence of the DMRS, a large AL is needed, it would be preferable to not support TDM between control and data.

	Motorola Mobility, Lenovo
	Yes. sPDSCH DMRS can be mapped in part to a sPDCCH carrying symbol, and sPDCCH is rate-matched around the sPDSCH DMRS REs.  

	KT
	To meet BLER criterion of sPDCCH, sometimes larger AL and more sCCEs may be needed for sPDCCH transmission and thus, there would be no rooms for sPDSCH transmission. So we slightly prefer FDM between CRS-based sPDCCH and DMRS-based sPDSCH in case of 2/3OS sTTI.

	Intel
	The effective REs of sREG would be reduced in this case due to DMRS puncturing. It should be considered for sCCE-to-sREG mapping definition.  




DMRS-based control

Q10: Do you support the case where DMRS-based sPDCCH schedules CRS-based sPDSCH in the same sTTI for 2/3-OS sTTI? (YES/NO)
If your answer isNO, please explain why such scheduling combination is not to be supported.
	Company
	Views

	Ericsson
	This combination could be allowed with FDM between DMRS based sPDCCH and CRS based sPDSCH. However, the use case for such a combination is unclear. We don’t see a strong need to support it.

	Samsung
	Yes, by FDM between DMRS-based sPDCCH  and CRS-based sPDSCH. 
There seems no benefit to restrict the case of scheduling CRS-based sPDSCH by DMRS-based sPDCCH. The eNB will decide to use this case.

	ZTE
	Yes，only for the sTTI without any REs carrying CRS. We prefer DMRS-based sPDCCH cannot be transmitted in a DL 2/3-symbol sTTI containing CRS.  

	Nokia, ASB
	If the DMRS-based sPDCCH is restricted to MBSFN, then this case is irrelevant. Otherwise, we think that this case should be supported. 

	Huawei, HiSilicon
	We don’t see strong motivation to support this combination. 

	Qualcomm
	We do not see a use case for this combination. As we mentioned before, a DMRS-based sPDCCH can be used in MBSFN subframes, where the data demodulation is dependent on the presence of DMRS as well.

	Motorola Mobility, Lenovo
	Yes. 

	KT
	The benefit is not clear.

	Intel
	Yes. 

	LG Electronics
	Yes. DMRS-based sPDCCH can schedule CRS-based sPDSCH which is FDMed in the same sTTI for 2/3-OS sTTI.



Q11: DMRS-based sPDCCH for 2/3-OS sTTI is 
Option 1:2-OS long 
Option 2: Until the end of sTTI. 
	Company
	Views

	Ericsson
	Option2 for the simplicity of multiplexing with sPDSCH 

	Samsung
	Option 2, not to waste of resources.

	ZTE
	Option 2

	Nokia, ASB
	Option1: We prefer 2OS-long sPDCCH, as there is not really need to increase the amount of control resources particularly in 3OS-long sTTI.

	Huawei, HiSilicon
	We slightly prefer option 2 for simplicity. 
Option 1 can also be considered. In this case, sharing DMRS REs between sPDCCH and sPDSCH can be considered. For example, if sPDCCH and sPDSCH on the same RB(s) are transmitted to one UE, sPDCCH and sPDSCH can share the same DMRS port(s). If sPDCCH and sPDSCH are transmitted to different UEs, sPDCCH and sPDSCH can use different DMRS port(s).

	Qualcomm
	Option 2 for better handling of DMRS assignment to data and control.

	Motorola Mobility, Lenovo
	As we responded to Q8 of [89-04], from commonality perspective with 2-OS sTTI, option 1 is beneficial. 
With option 1, it may be possible to avoid mapping sPDCCH to the CRS containing symbol in sTTI 1 & 5 by choosing two non-CRS containing symbols out of three symbols.

	KT
	Option 2.

	Intel 
	Opt.2

	LG Electronics
	We slightly prefer option 1. DMRS-based sPDCCH can always be transmitted with option 1 regardless of whether the number of symbols for sTTI is 2 or 3.



If your answer isOption 2 in Q11, please move to question Q14.
Q12: If your answer is Option 1 in Q11, can the DMRS-based sPDCCH and DMRS-based sPDSCH be TDMedin 3-OS long sTTI?(YES/NO)
If your answer is YES, then which of the following options is preferred?
Option 1: The DMRS for sPDCCH and sPDSCH in sPRB are shared.
Option 2: Other multiplexing of sPDCCH DMRS and sPDSCH DMRS in a single sPRB. Please, provide details.
If your answer is NO, please explain whether and how to utilize the orphan symbol. 
	Company
	Views

	Nokia, ASB
	We prefer Option 1
For localized sPDCCH RB-set, if DCI scheduling sPDSCH is self-contained in sPDSCH allocation, the same DMRS can be employed. In addition, if rank1 sPDCCH and sPDSCH are scheduled the DMRS of control and data can be multiplexed with OCC.  
For distributed sPDCCH RB-set, the precoding cycling can be used for both control and data. 

	Huawei, HiSilicon
	Sharing DMRS REs between sPDCCH and sPDSCH can be considered. For example, if sPDCCH and sPDSCH on the same RB(s) are transmitted to one UE, sPDCCH and sPDSCH can share the same DMRS port(s), that is option 1 here. If sPDCCH and sPDSCH are transmitted to different UEs, sPDCCH and sPDSCH can use different DMRS port(s) while sharing same DMRS REs.

	Motorola Mobility, Lenovo
	DMRS for the orphan symbol can be assigned a different antenna port (AP) or can be assigned the same AP for the same UE for sPDSCH. It may be also possible to use the orphan symbol for CRS-based sPDSCH.

	LG Electronics
	No. DMRS-based sPDCCH and DMRS-based sPDSCH can simply be FDMed.



Q13: If your answer is Option 2 in Q11 and YES in Q10, can DMRS-based sPDCCH be TDMed with CRS-based sPDSCH in 3OS long sTTI?
If your answer is NO, please explain what are the major issues preventing such multiplexing.
	Company
	Views

	Nokia, ASB
	Yes, we do not see any problem why orphan symbol could not be used for CRS-based sPDSCH. However, if DMRS-based sPDCCH is restricted to MBSFN subframe, this case is irrelevant.

	Huawei, HiSilicon
	From UE perspective, we don’t see strong motivation to support DMRS-based sPDCCH scheduling CRS based sPDSCH. From cell perspective, it is possible that both DMRS based sPDCCH set and CRS based sPDCCH exist. For better resource utilization, CRS based sPDSCH can be scheduled to the sPRB with DMRS based sPDCCH set. In this case, it is possible that DMRS based sPDCCH and CRS based sPDSCH is TDMed in the same sPRB.

	Motorola Mobility, Lenovo
	It may be possible to use the orphan symbol for CRS-based sPDSCH.

	LG Electronics
	Yes. CRS-based sPDSCH can be mapped to the remaining one symbol.



Overall
Q14: Do you have any other concerns related to sPDCCH and sPDSCH multiplexing in 2/3-OS sTTI?
	Company
	Views

	
	

	
	

	
	




4. Reuse of unused control resource for data
Study item on Reduced TTI and processing time in [1] made the following conclusion: “From resource utilization perspective, sPDSCH assigned by a sPDCCH can be mapped to resources that are left unused by any sPDCCH”. This conclusion of study item did not differentiate between 2/3-OS sTTI and 1-slot sTTI.
Q15: Should a reuse mechanism for unused sPDCCH resources be specified only for 2/3-OS sTTI, 1-slot sTTI or both.
If your answer is both, would the mechanism be the same or different.
	Company
	Views

	Ericsson
	The same reuse mechanism is applied to both 2os TTI and slot TTI.

	Samsung
	The same mechanism can be used for both.

	ZTE
	A same reuse mechanism is specified for both 2/3-symbol sTTI and 1-slot sTTI.

	Nokia, ASB
	Considering that 1-slot and 2/3OS sTTI are designed to be identical. It would make sense to use the same mechanism for both sTTI length. This despite the fact that the spectral efficiency is not significantly improved in case of 1-slot sTTI compared to 2OS-sTTI.

	Huawei, HiSilicon
	Both. Same mechanisms can be used. 

	Qualcomm
	Claiming the unused sPDCCH resources for data transmission is critical for the successful 2-symbol sTTI operation. On the other hand, for the 1-slot sTTI operation, given that the first few symbols of slot0 of a subframe are always assigned to the legacy control, and cannot be used for data transmission, reusing the unused control resources for data transmission in slot1 is not as essential. 
For the case of a 1-slot sTTI, depending on the sRBG size, one of the three solutions mentioned in our response to Question 1 can be adopted (the first solution is similar to our proposed scheme for the 2-symbol sTTI described in details in R1-1708768 and email discussions [89-04,89-05]. The other two solutions are different.) 
Since the impact of the control overhead on the 2-symbol and 1-slot sTTI operations is different, in our view, the objective should be to select the best possible solution for each of them independently. Whether resource reuse is required or not in each case, and the adopted scheme, may or may not be the same.

	Motorola Mobility, Lenovo
	From having a common design for 2/3 OS and slot-sTTI, a reuse mechanism can be applicable to both 2/3 OS and slot sTTI. However, the benefits of applying a reuse mechanism to a slot-sTTI expected to be smaller than those of 2/3-OS. 

	KT
	Both cases could adopt same mechanism.

	Intel 
	Both 

	LG Electronics
	A reuse mechanism for unused sPDCCH resources can be specified only for 2/3-OS sTTI considering that the control overhead is not that essential for 1-slot sTTI. However, if the reuse mechanism for unused sPDCCH resource for 1-slot sTTI is needed, it would be better to use the same mechanism as in 2/3-OS sTTI.



[bookmark: _Hlk488837023]Q16: Should a UE assume that its sPDSCH is rate-matched around the DCI scheduling the sPDSCH? (YES/NO)
	Company
	Views

	Ericsson
	Yes, if the UE receives the indication that a RB is allocated to sPDSCH while some of the REs of this PRB were used for sDCI transmission.
In general, for efficient multiplexing between legacy PDSCH and sPDCCH, it should be allowed to configure overlapping RB sets for different sTTI UEs. In which case, a UE cannot assume that unused RBs that were configured for sPDCCH are available for sPDSCH. 

	Samsung
	No. 
We need to further discuss this issue after all discussion of sPDCCH structure.There may be an error case of AL containing scheduling sDCI. If there is some unintendedly detection cases, one-bit indication can be used to indicate whether data is mapped in the sPDCCH RB set or not.

	ZTE
	No, this means the frequency region of sPDSCH should only contain its own DL assignment which is a stringent restriction on scheduling. 

	Nokia, ASB
	Yes.

	Huawei, HiSilicon
	It may depend on how to indicate the unused sPDCCH resource. For example, if the last used CCE is indicated then the sDCI scheduling the sPDSCH may be not transmitted on the last used CCE. However, sPDSCH rate-matched around the DCI scheduling the sPDSCH can be considered also.  

	Qualcomm
	When the RB set configured for a UE collides with the same UE’s sPDSCH, and contains the DL and/or UL grant(s) for the same UE, the UE should rate-match around the resources used for the transmission of these grants. However, if there are other grants for other UEs within the same RB set, or if there are other RB sets configured for different UEs within the sPDSCH, at least for the case of a 2-symbol sTTI operation, a dynamic indication is needed. 
Indicating whether there are other RB sets configured for different UEs within the sPDSCH is challenging, and cannot be done with a small number of bits. This situation is shown in the figure below:


Consider the case, where sRBG0 is assigned to UE2 and sRBG1 is assigned to UE1. As shown in the figure, the RB set configured for UE1 spans over 1 symbol and is located within both sRBGs, while the RB set configured for UE2 is located completely within sRBG1. Now, UE1 needs to be informed about the resources taken by UE2’s RB set, and UE2 needs to be indicated which resources are assigned to UE1’s RB set. Such indication requires a large payload, which increases the control overhead. For this reason, at least for the 2-symbol sTTI operation, we propose to configure RB sets such that they are fully contained within the sRBGs, and also to allow for one RB set to be active within each RB set.  

	Motorola Mobility, Lenovo
	For an individually scheduled sTTI, a UE assumes sPDSCH is rate-matched around the sPDCCH associated with the sPDSCH. 
Furthermore, if a UE detects a DL assignment in a sRBG, it assumes that all RBs in the sRBG following the detected DL assignment are assigned for that UE.

	KT
	Yes, considering that unused sPDCCH resource may be reused for sPDSCH transmission. 

	Intel 
	No. Share the same view with Qualcomm. 

	LG Electronics
	Yes. UE can assume that its sPDSCH is just rate-matched around the DCI which schedules the sPDSCH. With this approach, dynamic indication which requires additional bits in sDCI is not needed.



Q17: Can a sPDCCH RB-set(s) containing the sPDSCH assignment of one UE also contain DCIs of other UEs (i.e. DCI multi-user multiplexing in a RB-set(s))? Examples may include:
A: UL grants for the same UE
B: UL grants for other UEs
C: DL assignments of other UEs that are frequency division multiplexed with the UE in the same sTTI. 
D: DL assignments of other UEs that are spatially multiplexed with the UE in the same sTTI. 
If your answer is NO for any of the above cases A-D, please explain how aeNB would configure RB-setsto multiple-UEs or the related scheduling restrictions needed to prevent the case. 
	Company
	Views

	Ericsson
	yes

	Samsung
	Yes

	ZTE
	Yes

	Nokia, ASB
	We think that eNB would often configure the same sPDCCH RB-set per multiple UEs, in this case all case A-D should not be precluded by specification. 

	Huawei, HiSilicon
	Yes. A, B and C can be considered. D is not supported.
In addition, it is beneficial to allow eNB to configure whether A, B and C is applied. For example, if only a few of UEs exist, e.g. 1 or 2, dedicated sPDCCH RB set can be configured, e.g. only one sPDCCH RB set is configured with DL assignment and UL grant for the same UE. In this case, no DCI bit is needed to indicate the unused sPDCCH resource. If there are a lot of UEs, multi-user DCIs can be configured in a RB set.

	Qualcomm
	At least for the case of a 2-symbol sTTI operation, as we explained in both previous email discussions [89-04/89-05], our proposal is to allow for only one DL grant and possibly multiple UL grants within each RB set, i.e., case C and D are not supported. Even if RB sets are overlapping, one of them can be active at a time. With this approach, the unused control resources within an RB set can efficiently be reused by the user that receives the DL grant. In addition, if an RB set is fully contained within one sRBGs, the sRBG is assigned to the UE that receives the DL grant. Hence, the eNB should configure the RB sets such that (1) each RB set is fully contained within one sRBG, and (2) Only one RB set is active within each sRBG.    

	Motorola Mobility, Lenovo
	Yes.

	KT
	Yes. It may depend on eNB configurations. Thus there is no need to restrict some combination.

	Intel 
	Yes. 

	LG Electronics
	Yes. A, B, C can be contained in a sPDCCH RB-set. Regarding the inclusion of option D in a sPDCCH RB-set, we need to further study the performance of applying the spatial multiplexing in control channel.



Q18: The RB-set configuration is UE-specific. Can a UE be made aware of sPDCCH RB-set(s)configured to other UEs within sTTI? And do you see any possible benefits from doing so?
	Company
	Views

	Ericsson 
	No, a UE is aware of its own RB set. It does not need to know the RB set of other UEs. If it did, what would it mean if a new UE is configured with sTTI? Does it mean that all existing sTTI UEs need a RRC reconfiguration to be informed of the RB set for that new UE?

	Samsung
	No

	ZTE
	No need.
Share the same view with Ericsson. If a UE shall be aware of RB sets of other UEs, then a RRC reconfiguration is needed to inform all the existing UEs once a new UE arrives or one exsting UE releases. This seems not feasible.

	Nokia, ASB
	Yes, in the situations when eNB configures different RB-sets for different UEs, a UE would benefit from knowing RB-sets not containing its monitoring search-space. Such, the UE may be aware of other control resource in sTTI, and puncturing of UE’s sPDSCH can be avoided. 

	Huawei, HiSilicon
	Yes. eNB can configure the set to a UE but the UE does not need to monitor it.  For example, a UE operating 1-slot sTTI can be configured with the sPDCCH RB set which is used for sPDCCH transmission for 2-symbol sTTI operation, then 1-slot sPDSCH can be scheduled within the whole bandwidth of an serving cell.   
Firstly, it can provide more scheduling flexibility for sPDSCH since there is no limitation on the potential scheduling bandwidth because of multiplexing different TTI lengths, which could improve resource utilization efficiency.
Secondly, it can save UE power consumption since UE doesn’t need to do unnecessary sPDCCH monitoring in this kind of sPDCCH RB set.

	Qualcomm
	No, a UE is only aware of its own configured RB set(s) for two reasons: (1) As mentioned by Ericsson, RRC reconfiguration for all UEs is needed once a new UE is configured with sTTI, (2) Since the number of RB sets may change, the sDCI size should then vary in order to indicate which RB sets are used/unused.

	Motorola Mobility, Lenovo
	No. Maintaining such awareness may lead to frequent RRC reconfigurations as other UEs become active or inactive.

	KT
	No

	Intel 
	No. UEs knows his own sPDCCH resource sets configured by higher layers. 

	LG Electronics
	No. If a UE’s sPDSCH is just rate-matched around the DCI which schedules the sPDSCH as our view on Q16, UE does not need to be aware of sPDCCH RB-set configured to other UEs within sTTI.



Q19: If your answer is YES in Q18, please describe how do you make a UE aware of sPDCCH RB-set(s) configured to the other UE(s).
	Company
	Views

	Nokia ASB
	It can be configured to a UE as sPDCCH RB-set with 0 candidates to monitor.  

	Huawei, HiSilicon
	It can be achieved through the configuration of sPDCCH candidate to be monitored for the sPDCCH set. For example, as our reply to Q3 or Q9 in email discussion [89-05] on search space for sTTI operation, supporting the configuration of 0 for  or for all the supported aggregation levels can allow configuring an sPDCCH RB set to a UE but the UE doesn’t need to monitor sPDCCH in this sPDCCH RB set, while the UE could perform rate matching for sPDSCH around this sPDCCH RB set. 

	
	

	
	



Q20: Irrespective of a UE being aware of only own configured RB-set(s) (containing its search space) or also other UEs RB-sets,what unitsdo you considerfor reuse of unused control resource for data?
A: physical control resources (such as OS and/or RB, etc.) 
B: logical resources (such as sREG, sCCE and /orsPDCCH candidate, etc.). 
Please explain your preferred sPDCCH resource reuse mechanism including potential dynamic reuse indication. 
	Company
	Views

	Ericsson
	Option B, logical resources. The UE is configured with a search space with a number of logical sCCE resources. In the DCI scheduling the sPDSCH allocation to the UE, an indicator exists whether or not the UE should use remaining resources for data.
In the simplest case, a one-bit indication would be sufficient. For instance, if this bit field is set to 1, the UE uses sCCE resources with logical index larger than the one containing the sPDSCH assignment.
If only few sPDCCH candidates are available for each aggregation level (this depends on the nr of blind decodes discussion), a more elaborate indicator with e.g. two bits instead of one can be beneficial. This enables a more precise indication of the sCCE resources being used for data compared to the one-bit indication.


	Samsung
	Option A.
We need to further discuss this issue after all discussion of sPDCCH structure. There may be an error case of AL containing scheduling sDCI. If there is some unintendedly detection cases, one-bit indication can be used to indicate whether data is mapped in the sPDCCH RB set or not.

	ZTE
	Option B. The logical resource unit can be sCCE or sPDCCH candidate for the indication of unused control resources, and sREG for the actual reuse of unused control resource for data.
When sPDCCH and sPDSCH are TDMed & FDMed within a sTTI, the unused sPDCCH resources can be explicitly indicated by the proportion (e.g. [1/4, 1/2, 3/4, 1]) of used sCCEs (Figure 1) or the end of used candidate (Figure 2) using 2 bits in DL grant under the assumption that the sCCE are used sequentially. sPDSCH could use the unused sPDCCH resources if the unused sPDCCH resources are located within the frequency range of the sPDSCH assigned by DL grant.
[image: ]
Figure 1 Indicatation by the proportion of the used sCCEs
[image: ]
Figure 2 Indication by the end of the used candidates
To make the precoding for the unused sPDCCH resources sharing with the same one for sPDSCH more precise, only the unused sPDCCH resources that are located within the range of a sPDSCH in the frequency domain can be indicated to use as shown in Figure 3. Since the sREGs in one sCCE can be distributed in the same frequency of multiple sPDSCHs, the logical resource unit is sREG for reuse of unused control resource for data.
 [image: ]
Figure 3 sPDCCH multiplexing with sPDSCH

	Nokia, ASB
	Our preference is B. The candidates/CCEs overlapping with sPDSCH allocation are grouped into N groups and the DCI scheduling the sPDSCH indicates with bitmap of N bits the occupancy of candidates with DCIs. The reasonable number of groups should be further studied, to find the best trade-off between number of groups and efficiency of reuse.

	Huawei, HiSilicon
	Option B is preferred, which is suitable for localized and distributed sPDCCH mappings. For example, the last used sCCE with contiguous sCCE allocation can be indicated.  

	Qualcomm
	Option B. If each RB set contains only one DL grant, and the DL and UL search spaces are separated, the last sCCE used for UL grant transmission can be indicated to the DL UE via a 2-3 bit indicator. The remaining sCCEs within the RB set are then available for sPDSCH.

	Motorola Mobility, Lenovo
	Option A. 
sPDSCH is allocated in groups of sRBGs. For an individually scheduled sTTI, if a UE detects a DL assignment in a sRBG, it assumes that all RBs in the sRBG following the detected DL assignment are assigned for that UE.
· Any UL grants precede DL assignment in the sRBG. No need to specify this. Can be handled by scheduler.
· Holes (i.e., unallocated control resources which cannot be used for data transmission) are created when the UL grant and DL assignment cannot be sent in same sRBG due to search space restrictions. There isn’t a strong need to minimize holes for this aspect as it can be handled by the scheduler for most cases.

	KT
	Option B is preferable. We share the same view to Huawei.

	Intel 
	Option B. One simple way is to indicate the maximum CCE#. To minimize the control overhead for this indication, the CCE grouping can be considered. 

	LG Electronics
	It seems that this question is related to the indication of other UE’s sDCI. In our view on Q16, the indiction of other UE’s sDCI is not needed and eNB can schedule the sDCI of other UE accordingly. However, if we need to consider the indication of other UE’s sDCI, option A seems proper considering our view on Q18. Because a UE does not know the RB set of other UEs, logical resource indication seems not suitable for the case when the RB sets of different UEs are partially overlapped.
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