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1.Remaining aspects of sPDCCH and sPDSCH multiplexing
In the RAN1#90 the following agreements were achieved
Agreement:
· For 1-slot sTTI containing sPDCCH, the following scheduling cases are supported
· CRS-based sPDCCH scheduling CRS-based sPDSCH
· CRS-based sPDCCH scheduling DMRS-based sPDSCH
· DMRS-based sPDCCH scheduling DMRS-based sPDSCH
Agreement:
· For 1-slot sTTI containing sPDCCH, both TDM (if supported) and FDM of sPDCCH and sPDSCH are supported.

Agreement:
· For 2/3-OS sTTI containing sPDCCH, the following scheduling cases are supported:
· CRS-based sPDCCH scheduling CRS-based sPDSCH
· CRS-based sPDCCH scheduling DMRS-based sPDSCH
· DMRS-based sPDCCH scheduling DMRS-based sPDSCH

Agreement:
For 2/3-OS sTTI containing sPDCCH, TDM (if supported) and FDM of CRS-based sPDCCH and CRS-based sPDSCH is supported.

Agreement:
For 2/3-OS sTTI containing sPDCCH, FDM of CRS-based sPDCCH and DMRS-based sPDSCH is supported.
· FFS: TDM of CRS-based sPDCCH and DMRS-based sPDSCH is supported
In RAN1#90 we agreed that TDM should be (in principle) allowed for multiplexing of sPDCCH and sPDSCH in 1-slot sTTI#1, and as well between CRS-based sPDCCH and CRS-based sPDSCH in 2/3-OS sTTIs#1-5. However, “if supported” was added for TDM in the agreements, because it was not clear what should be the default TDM mechanism between sPDCCH and sPDSCH. 
Q2-1: What should be the default TDM mechanism between sPDCCH and sPDSCH, and should the mechanism be the same or different in 1-slot and 2/3-OS sTTI?
· Option 1: sPDSCH rate-matches around the all resource of the RB-set(s) configured to UE for monitoring in a given sTTI.
· Option 2: sPDSCH rate-matches around the all resource of the RB-set configured to UE for monitoring in a given sTTI and containing sDCI scheduling the sPDSCH.
· Option 3: sPDSCH rate-matches only around the sDCI scheduling the sPDSCH.
· Option 4: Configurable between Option 1/2 and Option3
· If none of the above Options are acceptable please provide details on how to define default TDM mechanism.
12 companies provided input to this question 
· 3 companies prefer Option 1  
· 1 company prefers Option 2
· 1 company considers Option 1 and Option 3
· 2 companies prefer Option 3
· 2 companies prefer rate-matching to be determined by mandatory reuse mechanism discussed in Q3-3, and not to discuss default multiplexing mechanism.
Based on companies views, we propose to discuss this question together with Q3-2. For example, if reuse mechanism becomes mandatory (i.e. not configurable), there is no need to specify a default rate-matching behavior for the UE.

Q2-2: In case of option 3, how do you deal with misdetection of AL, i.e. if a UE decodes DL assignment already from lower AL compared to AL transmitted by eNB.
6 companies provided input to this question, noting that EPDCCH type of mapping can solve the ambiguity issue in terms of applied AL. 
Proposed conclusion: If the rate-matching of sPDSCH around the DL assignment scheduling the sPDSCH is supported, the ambiguity problem of detecting transmitted AL can be solved by using different mapping principle, e.g. sREG-to-sCCE or symbols-to sREG, for different ALs.  

Q2-3: In case of Options 2 and 3, how do you deal with sPDSCH being punctured by other sDCI(s).
7 companies provided input to question
· 3 companies suggested that adoption of mandatory dynamic reuse mechanism will provide a way to avoid puncturing.
· 4 companies suggested that eNB can avoid puncturing by scheduling sPDSCH around the other UE’s sDCI.

In RAN1 #90, we agreed that CRS-based sPDCCH can schedule DMRS-based sPDSCH, this being applicable to both 1-slot and 2/3-OS sTTI. However, the support of TDM between CRS-based sPDCCH and DMRS-based sPDSCH for 2/3-OS sTTI stayed FFS. Based on companies input toQ8 of the previous email discussion [89-06], we have now split the Q8 into two separate questions Q2-4 and Q2-5. 
Q2-4: Can 1-symbol-long CRS-based sPDCCH be TDMed with DMRS-based sPDSCH in 3-OS sTTI? (YES/NO)
If your answer is YES, please explain how to multiplex sPDSCH DMRS with sPDCCH in the same sPRB. 
If your answer is NO, please explain why. 
12 companies provided input to this question
· 11 companies support TDM of 1-symbol-long CRS-based sPDCCH [RB-set] with DMRS-based sPDSCH in 3-OS sTTI. Many companies suggested to place the DMRS in last two OFDM symbols of 3-OS long sTTI.
· 1 company prefers FDM due to latency reasons.
Based on majority view, we have the following proposal:

Proposal-1: TDM of 1-symbol-long CRS-based sPDCCH [RB-set] with DMRS-based sPDSCH in 3-OS sTTI is supported. sPDSCH DMRS are placed in the last two symbols of 3-OS long sTTI.

Q2-5: Can 1-symbol-long CRS-based sPDCCH be TDMed with DMRS-based sPDSCH in 2-OS sTTI and 2-symbol-long CRS-based sPDCCH be TDMed with DMRS-based sPDSCH in 3-OS? (YES/NO)
If your answer is YES, please explain how to multiplex sPDSCH DMRS with sPDCCH in the same sPRB. 
If your answer is NO, please explain why. 
12 Companies provided input to this question
· 6 companies do support 1-symbol-long CRS-based sPDCCH [RB-set] to be TDMed with DMRS-based sPDSCH in 2-OS sTTI and 2-symbol-long CRS-based sPDCCH be TDMed with DMRS-based sPDSCH in 3-OS
· 6 companies do no support 1-symbol-long CRS-based sPDCCH [RB-set] to be TDMed with DMRS-based sPDSCH in 2-OS sTTI and 2-symbol-long CRS-based sPDCCH be TDMed with DMRS-based sPDSCH in 3-OS 
Conclusion of the discussion: Puncturing of sDCI by sPDSCH DMRS should be avoided. TDM is feasible, if a UE assumes that DCI is rate-matched around potential DMRS. As a consequence of rate-matching, higher ALs would need to be used. 
Based on the companies views we propose to select between two alternatives in RAN1#90b:
Proposal-2: select between two alternatives at RAN1#90b 
· Alternative 1: Support TDM between 1-symbol-long CRS-based sPDCCH [RB-set] and DMRS-based sPDSCH in 2-OS sTTI and   TDM between 2-symbol-long CRS-based sPDCCH and DMRS-based sPDSCH in 3-OS sTTI
· FFS on how to inform a UE about rate-matching around potential sPDSCH DMRS
· Alternative 2: Support only FDM between 1-symbol-long CRS-based sPDCCH [RB-set] and DMRS-based sPDSCH in 2-OS sTTI and FDM between 2-symbol-long CRS-based sPDCCH and DMRS-based sPDSCH in 3-OS sTTI


2. Reuse of unused control resource for data
In RAN1#90 it has been agreed:
Agreement:
Prioritize designing a mechanism for unused sPDCCH resources for 2/3-OS sTTI
· The sPDCCH reuse indication is based on RB set, sREG, sCCE, or sPDCCH candidate granularity. Details are FFS.
· Adopt the same mechanism for 1-slot sTTI, if applicable
In the following questions, we would like to collect companies views on the details of reuse indication:
Q3-1: Do you support dynamic mechanism for reuse of unused sPDCCH resources by explicit indication in sDCI scheduling the sPDSCH? (YES/NO)
12 companies provided input to this question
· 9 companies support dynamic mechanism for reuse of unused sPDCCH resources by explicit indication in sDCI scheduling the sPDSCH
· 1 company supports rate-matching around RBs where sDCI has been detected (EPDCCH-like). 
· 1 company would like to avoid/minimize the overhead of explicit signalling.
Based on majority view, we have the following proposal:
Proposal-3: Support dynamic mechanism for reuse of unused sPDCCH resources by explicit indication in sDCI scheduling the sPDSCH. Details are FFS.

If you answered YES in Q3-1 please continue to Q3-2, Q3-3 and Q3-4, otherwise continue with Q3-5.
Q3-2: Should dynamic reuse be configurable feature or it should be part of the default sTTI operation? (YES/NO)
12 companies provided input to this question
· 4 companies prefer that the dynamic reuse is configurable
· 8 companies prefer that the dynamic reuse is a default sTTI feature.
Based on majority view, we have the following proposal:
Proposal-4: The dynamic reuse mechanism of sPDCCH, using explicit indication in the sPDSCH assignment, is part of the default sTTI operation. Details are FFS.

In the previous meeting two main groups of reuse mechanisms for sPDCCH reuse were contributed, we tried to formulate them into two options.
Q3-3: For dynamic reuse of unused sPDCCH resource one of the following options should be supported (please state your preference):
· Option 1: Indicate the last used logical sREG/sCCE/sPDCCH-candidate/RB-setwithinsPDCCH RB-set(s) configured to the UE for monitoring in a given sTTI. Please explain how does the eNB achieve consecutive allocation of sPDCCHs/sDCIs intended to different UEs within the RB-set(s). Discuss also the efficiency of the scheme, and advantages/disadvantages compared to Option 2.
· Option 2: Separate sREGs/sCCEs/sPDCCH-candidates/RB-sets, in RB-setsconfigured to the UE for monitoring,that are overlapping with the UE’s sPDSCH into N groups of resources.Indicate by singlebit per each group of resourceswhether sPDSCH is mapped or not into the group of resources. Discuss the efficiency of the scheme and advantages/disadvantages compared to Option 1.
· If none of the above two options is acceptable, please provide details onhow to dynamically reuse unused sPDCCH resource, discuss the efficiency of the reusescheme and its advantages/disadvantages compared to Option 1 and 2.

11 companies provided input to this question
· Option 1 – indication of last used resource: 5 companies
· Option 2 – indication of group of resources: 3 companies, but for one company the grouping of CCEs does not depend on sPDSCH resource allocation.
· Option 3 – 1 bit per RB-set (i.e. RB-set granularity): 3 companies
Based on the above views, and answers to Q3-4 we have the following proposal:
Proposal-5: Select at RAN1#90bis one of the following 3 reuse mechanisms:
· Option 1: Indicate the last used logical sCCE/sCCE-group within PDCCH RB-set(s) configured to the UE for monitoring in a given sTTI. 
· Option 2: Separate the sCCEs, in RB-sets configured to the UE for monitoring, into N groups of sCCEs. Indicate by single bit per each group of sCCEs, whether sPDSCH is mapped or not into the group of sCCEs. 
· FFS on the sCCE grouping mechanism
· Option 3: Indicate by 1 bit for each sPDCCH RB-set, configured to UE for monitoring, whether sPDSCH is mapped or not.
· reuse mechanism operates on the unit of RB-set

Q3-4: What should be the granularity of reuse: sREG, sCCE, sPDCCH-candidate or RB-set?
11 companies provided input to this question
· 3 companies indicated RB-set (applicable to Option 3 of Q3-3)
· 8 companies indicated unit smaller than RB-set, being sCCE or sCCE group (applicable to Option1 and Option 2 of Q3-3)
    Note: Input provided to this questions is included in the Proposal-5
Q3-5: If you answered NO in question Q3-1, please explain how eNB may reuse unused sPDCCH resource by implicit dynamic indication or another reuse mechanism. Discuss the efficiency of the scheme.
3 companies provided input to this question.
· 1 company suggests that sPDSCH can be allocated in FDM-manner around the RBs carrying sDCIs of other UEs.
· 2 companies suggest placing UL grants before DL assignment in the scheduled sRBG. The UE’s sPDSCH is rate-matched around RBs that carry sDCI scheduling the sPDSCH.

Note: Q3-6 added by Huawei
Since two sPDCCH RB sets for a UE are configured independently, it is possible that these two sPDCCH RB sets would overlap. If sPDCCH resource reuse is indicated per sPDCCH RB set, one aspect needs to be discussed is whether to support inconsistent L1 signaling indication for the overlapped resource among different sPDCCH RB sets. For example, if two RB sets are configured to UE1 with partial overlap, whether to support signaling for RB set 1 implies that the overlapped resource could be reused for data but signaling for RB set2 implies the overlapped resource couldn’t be reused for PDSCH transmission.  
For example, if option 2 for Q3-3 is used, as shown in the Figure below, for UE 1, two overlapped sPDCCH RB sets are configured, and an sPDCCH RB set for UE 2 can be included in sPDCCH RB set 2 for UE 1. If there is an sPDCCH for UE 2 transmitted, sPDCCH RB set 2 cannot be used for sPDSCH transmission of UE 1. Then whether sPDCCH RB set 1 can be indicated to be used for sPDSCH transmission? If not, then whether the resource waste is acceptable?



Q3-6: Which option is supported for sPDCCH resource reuse indication? Please explain your reason for your choice.
· Option 1: inconsistent L1 signaling indication cannot be supported.
· Option 2: inconsistent L1 signaling indication can be supported.
9 companies provided input to this question
· Option 1: 1 company 
· Option 2: 8 companies 
Based on the majority view, we have the following proposal:
Proposal-6: In case the Option 3 of Proposal-5 is selected, inconsistent L1 signaling indication for two overlapping RB-sets can be supported. FFS how to treat the overlapping resource of two overlapping RB-sets in case of inconsistent signalling. 
Similar proposal as in [90-08]-Proposal-6, can be formulated for the Option 2 of [90-08]-Proposal-5:
Proposal-7: In case the Option 2 of Proposal-5 is agreed, inconsistent L1 signaling indication for two overlapping sCCE groups can be supported. FFS how to treat the overlapping resource of two overlapping sCCE groups in case of inconsistent signalling.

3. Conclusion
Based on the companies’ inputs [1], the following proposals on sPDCCH multiplexing with data, including sPDCCH resource reuse scheme, can be considered:
Proposed conclusion: If the rate-matching of sPDSCH around the DL assignment scheduling the sPDSCH is supported, the ambiguity problem of detecting transmitted AL can be solved by using different mapping principle, e.g. sREG-to-sCCE or symbols-to sREG, for different ALs.  
 
Proposal-1: TDM of 1-symbol-long CRS-based sPDCCH [RB-set] with DMRS-based sPDSCH in 3-OS sTTI is supported. sPDSCH DMRS are placed in the last two symbols of 3-OS long sTTI.
Proposal-2: select between two alternatives at RAN1#90b 
· Alternative 1: Support TDM between 1-symbol-long CRS-based sPDCCH [RB-set] and DMRS-based sPDSCH in 2-OS sTTI and    TDM between 2-symbol-long CRS-based sPDCCH and DMRS-based sPDSCH in 3-OS sTTI
· FFS on how to inform a UE about rate-matching around potential sPDSCH DMRS
· Alternative 2: Support only FDM between 1-symbol-long CRS-based sPDCCH [RB-set] and DMRS-based sPDSCH in 2-OS sTTI and FDM between 2-symbol-long CRS-based sPDCCH and DMRS-based sPDSCH in 3-OS sTTI
Proposal-3: Support dynamic mechanism for reuse of unused sPDCCH resources by explicit indication in sDCI scheduling the sPDSCH. Details are FFS.
Proposal-4: The dynamic reuse mechanism of sPDCCH, using explicit indication in the sPDSCH assignment, is part of the default sTTI operation. Details are FFS.
Proposal-5: Select at RAN1#90bis one of the following 3 reuse mechanisms:
· Option 1: Indicate the last used logical sCCE/sCCE-group within PDCCH RB-set(s) configured to the UE for monitoring in a given sTTI. 
· [bookmark: _GoBack]Option 2: Separate the sCCEs, in RB-sets configured to the UE for monitoring, into N groups of sCCEs. Indicate by single bit per each group of sCCEs, whether sPDSCH is mapped or not into the group of sCCEs. 
· FFS on the sCCE grouping mechanism
· Option 3: Indicate by 1 bit for each sPDCCH RB-set, configured to UE for monitoring, whether sPDSCH is mapped or not.
· reuse mechanism operates on the unit of RB-set
Proposal-6: In case the Option 3 of Proposal-5 is selected, inconsistent L1 signaling indication for two overlapping RB-sets can be supported. FFS how to treat the overlapping resource of two overlapping RB-sets in case of inconsistent signalling. 
Proposal-7: In case the Option 2 of Proposal-5 is agreed, inconsistent L1 signaling indication for two overlapping sCCE groups can be supported. FFS how to treat the overlapping resource of two overlapping sCCE groups in case of inconsistent signalling.
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1.Remaining aspects of sPDCCH and sPDSCH multiplexing

In the RAN1#90 the following agreements were achieved

Agreement:

· For 1-slot sTTI containing sPDCCH, the following scheduling cases are supported

· CRS-based sPDCCH scheduling CRS-based sPDSCH

· CRS-based sPDCCH scheduling DMRS-based sPDSCH

· DMRS-based sPDCCH scheduling DMRS-based sPDSCH

Agreement:

· For 1-slot sTTI containing sPDCCH, both TDM (if supported) and FDM of sPDCCH and sPDSCH are supported.



Agreement:

· For 2/3-OS sTTI containing sPDCCH, the following scheduling cases are supported:

· CRS-based sPDCCH scheduling CRS-based sPDSCH

· CRS-based sPDCCH scheduling DMRS-based sPDSCH

· DMRS-based sPDCCH scheduling DMRS-based sPDSCH



Agreement:

For 2/3-OS sTTI containing sPDCCH, TDM (if supported) and FDM of CRS-based sPDCCH and CRS-based sPDSCH is supported.



Agreement:

For 2/3-OS sTTI containing sPDCCH, FDM of CRS-based sPDCCH and DMRS-based sPDSCH is supported.

· FFS: TDM of CRS-based sPDCCH and DMRS-based sPDSCH is supported

In RAN1#90 we agreed that TDM should be (in principle) allowed for multiplexing of sPDCCH and sPDSCH in 1-slot sTTI#1, and as well between CRS-based sPDCCH and CRS-based sPDSCH in 2/3-OS sTTIs#1-5. However, “if supported” was added for TDM in the agreements, because it was not clear what should be the default TDM mechanism between sPDCCH and sPDSCH. 

Q2-1: What should be the default TDM mechanism between sPDCCH and sPDSCH, and should the mechanism be the same or different in 1-slot and 2/3-OS sTTI?

· Option 1: sPDSCH rate-matches around the all resource of the RB-set(s) configured to UE for monitoring in a given sTTI.

· Option 2: sPDSCH rate-matches around the all resource of the RB-set configured to UE for monitoring in a given sTTI and containing sDCI scheduling the sPDSCH.

· Option 3: sPDSCH rate-matches only around the sDCI scheduling the sPDSCH.

· Option 4: Configurable between Option 1/2 and Option3

· If none of the above Options are acceptable please provide details on how to define default TDM mechanism.

		Company

		Views



		Nokia, NSB

		Option 1, we think that blind puncturing of sPDSCH by control is unacceptable, and would significantly reduce the performance of sPDSCH. The efficiency of sTTI can be improved by control reuse mechanism.  



		Ericsson

		Option 2. The UE excludes the sCCE belonging to the RB set containing the sDCI. If indicated by a separate indicator, the UE may use some or all of the remaining resources. Same mechanism for both 2/3os and slot sTTI.

Option 1 would require more bits in the indicator and is thus not preferred.

Option 3 would not be usable without an additional indicator preventing reuse of resources used by other UE’s DCI, otherwise only one UE could be scheduled per RB set.

There was some discussion at RAN1#90 whether option 3 follows the EPDCCH behavior. This is not the case. The behavior for EPDCCH is not only about excluding the found DCI. It is about excluding all resources in the PRB where the DCI was found. For EPDCCH, there are 16 EREG per PRB. Each ECCE is 4 EREG so there are 4 ECCE per PRB. So, if a UE finds a DCI on one or more ECCEs, it excludes also the other ECCEs belonging to that PRB, thus enabling coexistence with other UEs that may have a DCI on the other ECCEs of that PRB. For sPDCCH, we have 1 sREG = 1 PRB in frequency. If rate-matching around the sDCI is performed as in Option 3, there is no possibility to multiplex the DCI of several users within the same RB set!



		Samsung

		Option 1.

Same mechanism can be used for 2/3OS sTTI and slot sTTI.



		Huawei, HiSilicon

		Both Option 1 and option 3 can be considered. The signaling in sDCI to indicate the reuse of control resource for data can be configurable. If the signaling in sDCI is configured not to exist in sDCI, then the schedueled sPDSCH should rate matched around the sPDCCH RB set. 

In addition, the resue mechanism of control resource for data could be as discussed in section 3.



		ZTE, Sanechips

		None of the above Options. In our views, the rate-matching method depends on Q3-3 below. If Option 1 of Q3-3 is adopted, the sPDSCH rate-matches around all the resources with indexes lower than that of the last used resource. Here the resource means logical sREG/sCCE/sPDCCH-candidate/RB-set within sPDCCH RB-set(s). 



		Qualcomm

		Option 3 with the addition of the following explanation: We think that the dynamic reuse should be a default sTTI operation (Please refer to our response to Question 3.2.) Then, based on Option 3, the UE should rate-match around the sDCI scheduling its sPDSCH and other sCCEs if indicated by the reuse mechanism. Under this approach, sDCIs of different users can be multiplexed in one RB set as well without being punctured. If the dynamic reuse is not adopted, then the eNB should avoid multiplexing different UEs’ sDCI in one RB set.



		LG Electronics

		Option 3. We can adopt a similar principle applied to EPDCCH. As pointed out in Ericsson’s answer, sPDCCH is little bit different from EPDCCH becuase we assume that 1 sREG equals to 1 PRB. However, multiple UE’s DCI can be transmitted in the same RB set by eNB configuration. eNB can allocate resource for sPDSCH which does not fully include RBs which are allocated to corresponding RB set. 



		Motorola Mobility, Lenovo

		At least option 3 should be supported. 

(a) If only a single UE needs to be scheduled in an sTTI, depending on the size of the sPDCCH RB-set(s), options 1 and 2 could lead to a big waste of resources since the RBs belonging to the sPDCCH RB-set(s) cannot be allocated to that UE for data transmission.

(b) With option 3, still multiple UEs can have their sPDCCH sent within the same sPDCCH RB set, and sPDSCH resource allocation still may be able to allocate some of the unused control RBs to some of those UEs similar to EPDCCH and PDSCH allocation (depending on the location of the candidates, and resource allocation granularity) without the need for puncturing. Also, please note that if multiple UEs have sPDCCHs in an RB set, most of the RBs in that RB set are already used for control (depending on the size of the RB-set) and if the unused resources cannot be allocated to any of the scheduled UEs, the waste may not be significant.          

(c) Option 3 is similar to EPDCCH in the sense that a UE only rate matches around the RBs containing its own DCI: 

"PDSCH is not mapped to any physical resource-block pair(s) carrying an EPDCCH associated with the PDSCH." [36.211]

  







Q2-2: In case of option 3, how do you deal with misdetection of AL, i.e. if a UE decodes DL assignment already from lower AL compared to AL transmitted by eNB.

		Company

		Views



		Huawei, HiSilicon

		As discussed in R1-1712076, a new sPDCCH to RE mapping is needed for CRS-based sPDCCH with frequency-first mapping. Here, we give a simple mapping for study. As shown in the Figure below, an sPDCCH with aggregation level 1 is mapped to sREG 0, 1, 2 and 3 orderly, but an sPDCCH with aggregation level 2 is mapped to sREG 0, 4, 1, 5, 2, 6, 3 and 7 orderly, which can avoid sCCE AL ambiguity issue.

[image: ]

For DMRS-based sPDCCH, mechanism like EPDCCH could be considered. For example, sPDCCH to REs mapping could always be performed in frequency first manner. Note here the CCE to sREG mapping still use time first mapping as agreed.



		Qualcomm

		The AL ambiguity is related to how modulated symbols are mapped to the sREGs. As explained by Huawei, with similar approach as used in EPDCCH, this issue can be resolved. 



		LG Electronics

		As already discussed and resolved in EPDCCH design, similar principle can be considered. Details can be further discussed.



		Motorola Mobility, Lenovo

		A similar way as handled in EPDCCH operation.







Q2-3: In case of Options 2 and 3, how do you deal with sPDSCH being punctured by other sDCI(s).

		Company

		Views



		Ericsson

		With option 2, this situation does not happen if the scheduled UEs share the same RB set.  

If the scheduled UEs do not share the RB set, the eNB should avoid scheduling sPDSCH to a UE on resources where sDCI to another UE is sent.



		Huawei, HiSilicon

		If option 2 or 3 is adopted, we do not think other sDCI(s) will be transmitted within the CORESET with overlap with sPDSCH.

If overlapped can be configured, dynamic indication as discussed in section 3 should be used. Or, one or more sPDCCH RB set(s) without search space can be configured to provide the chance for transmitting sDCI(s) of other UE(s).



		Qualcomm

		The eNB should not schedule an sPDSCH for a UE over the resources assigned to another UE’s sDCI. If dynamic reuse indication is adopted, then sDCIs of different UEs can be placed in one RB set without puncturing the sPDSCH.



		LG Electronics

		It would be up to eNB configuration. eNB would not locate the other sDCI within the region of RBs for sPDSCH.



		Motorola Mobility, Lenovo

		Similar to the case of EPDCCH, eNB with proper sPDSCH resource allocation can avoid/minimize the impact of such a case.  







Q2-4: Can 1-symbol-long CRS-based sPDCCH be TDMed with DMRS-based sPDSCH in 3-OS sTTI? (YES/NO)

If your answer is YES, please explain how to multiplex sPDSCH DMRS with sPDCCH in the same sPRB. 

If your answer is NO, please explain why. 

		Company

		Views



		Nokia, NSB

		Yes, there is no technical obstacle and therefore we think this should be supported.



		Ericsson

		Yes. The 1-symbol long sPDCCH is placed in the first symbol, and the 2-os sPDSCH, with accompanying DMRS, is placed in the two last symbols.





		Samsung

		We would like to change from “1-symbol-long CRS-based sPDCCH” to “1-symbol-long sPDCCH RB set for CRS-based sPDCCH. Then, yes.



		Huawei, HiSilicon

		Yes. In this case, UE needs to monitor CRS-based sPDCCH by assuming DMRS for sPDSCH is there. 

In addition, if the number of OFDM symbols for a CORESET for CRS-based sPDCCH transmission is equal to the number of OFDM symbols in the sTTI, and if the CRS-based sPDCCH is used to scheduling DMRS-based sPDSCH, UE will monitor CRS-based sPDCCH by assuming there is no DMRS there.



		ZTE, Sanechips

		Yes. Simply by pure TDM as described by Ericsson. 



		Qualcomm

		In a 3-symbol sTTI, the number of resources that the UE should demap/decode is larger as compared to a 2-symbol sTTI. Since regardless of the sTTI length the UE should follow the same processing timeline, it is required to place the sPDSCH DMRSs over the first two symbols so that the UE can at least start the processing earlier. 

This requirement can be met in two ways: (1) sPDCCH and sPDSCH are FDM’ed and the DMRSs are placed over the 1st two symbols, and (2) sPDCCH and sPDSCH are TDM’ed, but the sPDSCH DMRS are over the 1st two symbols. 

Given that the 2nd option requires the sPDCCH to rate-match around the “potential” DMRS resources, Option 1 is more preferred. 



		LG Electronics

		Yes. Two DMRS REs can be located at the last two symbols. Then, the first one symbol can be used for 1-symbol CRS-based sPDCCH, and the last two symbols can be used for DMRS-based sPDSCH with corresponding DMRS.



		Motorola Mobility, Lenovo

		Yes, similar view as Ericsson.







Q2-5: Can 1-symbol-long CRS-based sPDCCH be TDMed with DMRS-based sPDSCH in 2-OS sTTI and 2-symbol-long CRS-based sPDCCH be TDMed with DMRS-based sPDSCH in 3-OS? (YES/NO)

If your answer is YES, please explain how to multiplex sPDSCH DMRS with sPDCCH in the same sPRB. 

If your answer is NO, please explain why. 

		Company

		Views



		Nokia, NSB

		Yes, the CRS-based sPDCCH can be configured with assumption of rate-matching around the potential sPDSCH DMRS. If eNB configures no rate-matching, then UE assumes FDM between CRS-based sPDCCH and DMRS-based sPDCCH.



		Ericsson

		No. In this situation, the first symbol of the DMRS would puncture the sPDCCH. The UE would need to do rate matching around the DMRS positions of sPDSCH to detect its sDCI. To achieve the same BLER, a larger AL or more sREG/sCCE would be needed to compensate for the larger RS overhead, and this would also harm the reception of UL DCI.





		Samsung

		No.

We also would like to change from “1-symbol-long CRS-based sPDCCH” to “1-symbol-long sPDCCH RB set for CRS-based sPDCCH.



		Huawei, HiSilicon

		Yes. In this case, UE needs to monitor CRS-based sPDCCH by assuming DMRS for sPDSCH is there.

In addition, if the number of OFDM symbols for a CORESET for CRS-based sPDCCH transmission is equal to the number of OFDM symbols in the sTTI, and if the CRS-based sPDCCH is used to scheduling DMRS-based sPDSCH, UE will monitor CRS-based sPDCCH by assuming there is no DMRS there.



		ZTE, Sanechips

		No. The orphan symbol can not be used for sPDSCH with DMRS based mode.



		Qualcomm

		The same as response to Question 2.4, they can be TDM’ed, while the sPDCCH is decoded by rate-matching around the potential DMRS resources. However, we prefer to FDM sPDCCH and sPDSCH in order to not allow for puncturing sPDCCH. 



		LG Electronics

		No. In this case, sPDCCH should always be rate-matched around the DMRS for sPDSCH even when the sPDSCH is not scheduled, which would be large overhead for sPDCCH. Otherwise, sPDCCH should be puntured when sPDSCH is scheduled. Both options seem not suitable.



		Motorola Mobility, Lenovo

		Yes, rate-matching around data DMRS can be configured for an sPDCCH-RB set. This would be beneficial for instance, 

a)	if the CRS-based sPDCCH schedules DMRS-based DL data, or

b)	if the CRS-based sPDCCH is an UL grant, and the DMRS-based DL data is for another UE







3. Reuse of unused control resource for data

In RAN1#90 it has been agreed:

Agreement:

Prioritize designing a mechanism for unused sPDCCH resources for 2/3-OS sTTI

· The sPDCCH reuse indication is based on RB set, sREG, sCCE, or sPDCCH candidate granularity. Details are FFS.

· Adopt the same mechanism for 1-slot sTTI, if applicable

In the following questions, we would like to collect companies views on the details of reuse indication:

Q3-1: Do you support dynamic mechanism for reuse of unused sPDCCH resources by explicit indication in sDCI scheduling the sPDSCH? (YES/NO)

		Company

		Views



		Nokia, NSB

		Yes



		Ericsson

		Yes, a bitmap is sent in the DCI which groups of unused sCCE the UE can use for sPDSCH. See details in Q3-3



		Samsung

		Yes



		Huawei, HiSilicon

		Yes. It is beneficial to utilize the resources that are left unused by any sPDCCH for sPDSCH transmission, especially when there is no sPDCCH or few sPDCCHs in a sPDCCH RB set.



		ZTE, Sanechips

		Yes. 



		Qualcomm

		Yes. To reduce the sTTI control overhead, we think that a rate-matching information field should be included in the DL sDCI.



		LG Electronics

		No. Considering the increase of sDCI signaling overhead caused by dynamic mechanism, just EPDCCH-like approach seems to be enough with eNB configuration.



		Motorola Mobility, Lenovo

		To minimize the control overhead, especially for the case of 2/3 OS, our preference is to avoid/minimize explicit indication. 

a) If the sDCI containing sPDCCH RB-sets of co-scheduled UEs do not overlap or minimially overlap, the explicit indication is not useful.

b) The AL misdetection issue pointed out in Q2-2, seems to be applicable also to some of the proposed reuse mechanisms based on sCCE grouping indication, and depending on how sCCE grouping is done may result in even a worse performance than that of just rate matching sPDSCH around its corresponding sPDCCH.       







If you answered YES in Q3-1 please continue to Q3-2, Q3-3 and Q3-4, otherwise continue with Q3-5.

Q3-2: Should dynamic reuse be configurable feature or it should be part of the default sTTI operation? (YES/NO)

		Company

		Views



		Nokia, NSB

		We think that at least single bit determining whether the resource in sPDCCH RB-sets, configured to a UE for monitoring and overlapping with UEs sPDSCH contains PDSCH or not to be the absolute minimum. This is compatible with Option 1 in Q3-3, where eNB configures a single group of sCCE corresponding to single bit in sDCI. 



		Ericsson

		Yes. Default sTTI operation – accompanied with a sDCI bitfield indicating unused resources



		Samsung

		Default feature.



		Huawei, HiSilicon

		The dynamic reuse should be a configurable feature. In detail, For each configured sPDCCH RB set, whether enabling unused sPDCCH reuse indication via sDCI is configured by higher layer signaling. 

If enabled, a field in sDCI would be used to indicate the used or unused sPDCCH resources.

If disabled, there is no field in sDCI would be used to indicate the used or unused sPDCCH resources. For a UE, no resources of sPDCCH RB set will be used for sPDSCH transmission, which means the scheduled sPDSCH is rate-matched around the overlapped sPDCCH RB set(s) configured by RRC signaling.



		ZTE, Sanechips

		The dynamic reuse should be as a default operation. 

As for sDCI in PDCCH, either the sDCI bits for dynamic reuse can be removed or it can be disabled by default. 



		Qualcomm

		We think that it should be a default sTTI operation.



		Motorola Mobility, Lenovo

		Althought our response to Q3-1 was not a ”YES”, we would like to share our views if such dynamic indication is adopted. 

We prefer the reuse to be a configurable feature (e.g., eNB may configure the reuse feature when the laod of sTTI UEs is large enough that such reuse becomes essential considering its associated control overhead). If not configured, sPDSCH is not mapped to any RBs carrying an sPDCCH associated with the sPDSCH, similar to EPDCCH: "PDSCH is not mapped to any physical resource-block pair(s) carrying an EPDCCH associated with the PDSCH." [36.211]  







In the previous meeting two main groups of reuse mechanisms for sPDCCH reuse were contributed, we tried to formulate them into two options.

Q3-3: For dynamic reuse of unused sPDCCH resource one of the following options should be supported (please state your preference):

· Option 1: Indicate the last used logical sREG/sCCE/sPDCCH-candidate/RB-setwithinsPDCCH RB-set(s) configured to the UE for monitoring in a given sTTI. Please explain how does the eNB achieve consecutive allocation of sPDCCHs/sDCIs intended to different UEs within the RB-set(s). Discuss also the efficiency of the scheme, and advantages/disadvantages compared to Option 2.

· Option 2: Separate sREGs/sCCEs/sPDCCH-candidates/RB-sets, in RB-setsconfigured to the UE for monitoring,that areoverlapping with the UE’s sPDSCH into N groups of resources.Indicate by singlebit per each group of resourceswhether sPDSCH is mapped or not into the group of resources. Discuss the efficiency of the scheme and advantages/disadvantages compared to Option 1.

· If none of the above two options is acceptable, please provide details onhow to dynamically reuse unused sPDCCH resource, discuss the efficiency of the reusescheme and its advantages/disadvantages compared to Option 1 and 2.

		Company

		Views



		Nokia, NSB

		Option 2

Reasons: The efficiency of Option 2 is proportional to number of bits/groups eNB configures for reuse signaling in the sDCI. Option 2 is independent of the search-space design and allocation of UE’s sPDCCH candidates. However, eNB may try to concentrate sPDCCH candidates in frequency by configuration of search-spaces and/or allocation of sPDCCH candidates, and such improve the efficiency of reuse of Option 2 further.

Option 1 has one main issue, it requires that all the UEs configured for monitoring ofthe same PRB set would also need to have the sPDCCH candidates overlapping and as compact as possible, so that the indication of the last/highest numberedlogical resource would make sense. This will very much limit the networks ability to individually assign the sPDCCH candidates for different UEs (in terms of AL candidates, starting sCCE number etc.) 



		Ericsson

		Option 3, where our option 3 is similar to option 2 above, but differs in that it does not require that groups are overlapping with the UE’s sPDSCH. 

The reuse is indicated in the logical domain. It indicates to the UE which sCCE in the configured sPDCCH set that are used for sPDSCH.

The sCCEs of the configured PRB set can be organized in up to 3 groups that can be individually allocated as sPDSCH to a UE with a bitmap of up to 3 bits. The grouping of the sCCEs of a PRB set can be done so that the sCCEs that build the sPDCCH candidate where the UE found its sDCI are not considered. This enables to optimize the usage of the few available bits (there is no use of being able to indicate a sCCE/PRB that was already used for sending sDCI).

See below figure; as an example, if the UE decodes an AL2 DCI on sCCE index 4 and 5, the indicator bits refer to the groups in the second row from bottom in the center column. The three bits then indicate the three groups sCCE {0,1}; sCCE {2,3}; and sCCE {6,7}, respectively.



[image: ]

Compared to option 2, the groups of sCCEs do not need to be overlapping with the UE’s sPDSCH assignment.

Having group outside the UE’s sPDSCH range will make it easier to efficiently schedule resources, as the frequency-distributed placement of the sCCEs differs from the more frequency-localized structure of the sRBGs.

In addition, coexistence with legacy 1 ms PDSCH scheduling will be more efficient, as option 2 cannot reuse sPDCCH resources in an sRBG if a legacy PDSCH is scheduled in some part of the sRBG.



Compared to option 1, option 3 can allow very flexible placement of the decoding candidates for the different UEs. In that way, different UEs can have a low number of candidates to monitor, where the candidates for different UEs are placed on different positions. With the added indicator of up to three bits, this will achieve low blocking probability and flexible frequency domain placement at the same time as low decoding complexity.



		Samsung

		Option 3. A bit of a bit-field indicates whether the corresponding RB-set will be used to map PDSCH or not. This is a simple and brings low overhead.



		Huawei, HiSilicon

		Option 1. As answered for Question 4 in section 3 of email discussion on search space, we propose PDCCH-like search space, i.e. contiguous CCEs are applied among different sPDCCH candidates at a given aggregation level for sTTI, via setting the starting sCCE index, it is possible to schedule consecutive allocation of sPDCCHs/sDCIs intended to different UEs within the RB-set(s).

Compared to option 2, option 1 is simpler and suitable for the case with few sPDCCHs scheduled in a sTTI.



		ZTE, Sanechips

		Option 1, but no need to restrict the allocation of sPDCCHs/sDCIs for different UEs to be always consecutive. 

As suggested in Q3-1 in the email discussion of sPDCCH search space, an offset configured by RRC can be used to control the starting CCE for a UE. Then eNB can ultilze this offset to make the allocation of sPDCCHs/sDCIs intended to different UEs be consecutive or near to consecutive within the RB set(s) as much as possible, also make a balance between the allocation and blocking probability.

If the allocation of sPDCCHs/sDCIs can be consecutive, it is obvious that Option 1 is simple and most efficient. Even it is not completely consecutive, only the unused resources with lower indexes than the index of the last used resources (defined as X) are wasted. However, most possibly some resources with larger indexes than X would be also wasted for Option 2. Because the the group containing the last used resources may also comprise of some  resources with indexes larger than X.



		Qualcomm

		Option 1. As mentioned by Huawei, by properly managing the starting sCCE indices, sPDCCH for different UEs can be placed over consecutive resources. Hence, this option provides a simple and efficient way for reclaiming the unused control resources for sPDSCH.   



		Motorola Mobility, Lenovo

		Althought our response to Q3-1 was not a ”YES”, we would like to share our views if such dynamic indication is adopted.

A bit in sDCI per sPDCCH RB set configured for monitoring can indicate if the RB-set can be reused for sPDSCH. 







Q3-4: What should be the granularity of reuse: sREG, sCCE, sPDCCH-candidate or RB-set?

		Company

		Views



		Nokia, NSB

		sCCE



		Ericsson

		sCCE, indicated as groups of sCCEs



		Samsung

		RB-set. So, there will be a bit field of the size as the number of RB sets.



		Huawei, HiSilicon

		If option 1 is accepted, sCCE or sCCE group can be the granularity. Otherwise, RB set granularity can be the granularity to reduce the signaling overhead.



		ZTE, Sanechips

		Slightly prefer a granularity of sCCE . Basing on sPDCCH-candidate is also ok for us. 



		Qualcomm

		Assuming Option 1 of Question 3-3 is adopted, then the reuse can be implemented with the sCCE granularity.



		Motorola Mobility, Lenovo

		Althought our response to Q3-1 was not a ”YES”, we would like to share our views if such dynamic indication is adopted.

RB-set







Q3-5: If you answered NO in question Q3-1, please explain how eNB may reuse unused sPDCCH resource by implicit dynamic indication or other reuse mechanism. Discuss the efficiency of the scheme.

		Company

		Views



		LG Electronics

		sPDSCH can just ratematch around the sDCI associated with the sPDSCH similar to the legacy EPDCCH. Multiple UE’s DCI can be transmitted in the same RB set by eNB configuration as in our answer for Q2-1.



		Motorola Mobility, Lenovo

		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.

As noted in Q3-2, we prefer the reuse to be a configurable feature (e.g., eNB may configure the reuse feature when the laod of sTTI UEs is large enough that such reuse becomes essential considering its associated control overhead). If not configured, sPDSCH is not mapped to any RBs carrying an sPDCCH associated with the sPDSCH, similar to EPDCCH: "PDSCH is not mapped to any physical resource-block pair(s) carrying an EPDCCH associated with the PDSCH." [36.211]







Note: Q3-6 added by Huawei

Since two sPDCCH RB sets for a UE are configured independently, it is possible that these two sPDCCH RB sets would overlap. If sPDCCH resource reuse is indicated per sPDCCH RB set, one aspect needs to be discussed is whether to support inconsistent L1 signaling indication for the overlapped resource among different sPDCCH RB sets. For example, if two RB sets are configured to UE1 with partial overlap, whether to support signaling for RB set 1 implies that the overlapped resource could be reused for data but signaling for RB set2 implies the overlapped resource couldn’t be reused for PDSCH transmission.  

For example, if option 2 for Q3-3 is used, as shown in the Figure below, for UE 1, two overlapped sPDCCH RB sets are configured, and an sPDCCH RB set for UE 2 can be included in sPDCCH RB set 2 for UE 1. If there is an sPDCCH for UE 2 transmitted, sPDCCH RB set 2 cannot be used for sPDSCH transmission of UE 1. Then whether sPDCCH RB set 1 can be indicated to be used for sPDSCH transmission? If not, then whether the resource waste is acceptable?







Q3-6: Which option is supported for sPDCCH resource reuse indication? Please explain your reason for your choice.

· Option 1: inconsistent L1 signaling indication cannot be supported.

· Option 2: inconsistent L1 signaling indication can be supported.

		Company

		Views



		Huawei, HiSilicon

		With option 1, overlapped resources can only be indicated in the same reusing way, e.g. L1 signaling indicates the scheduled sPDSCH is rate-matched around sPDCCH RB set 2 and sPDCCH RB set 1. Then UE 1 will assume all resources of sPDCCH RB set 1 cannot be reused for sPDSCH transmission. As shown in Figure a, sPDSCH cannot be transmitted on the sPDCCH RB set 1.  





Figure a

With Option 2, overlapped resources can be indicated inconsistently, e.g. L1 signalling indicates the scheduled sPDSCH is rate-matched around sPDCCH RB set 2 but is mapped to the resources of sPDCCH RB set 1. Then UE 1 will assume the overlapped resources cannot be reused but the remaining resources of sPDCCH RB set 1 can still be reused for sPDSCH transmission. As shown in Figure b, sPDSCH cannot be transmitted on the overlapped resources but can be transmitted on the rest part of the sPDCCH RB set 1. Compared to option 1, option 2 provides higher possibility of reusing resources in the sPDCCH RB sets efficiently. As shown in Figure b, more resources will be available for sPDSCH transmission. Therefore, option 2 is preferred.





 Figure b





		Nokia, NSB

		Option 2. The overlapping resources can be treatedaccording to the outcome of the logical operation AND/OR. Which of these two is used depends on the default behavior, i.e. whether PDSCH is mapped-in or PDSCH is rate-matched around the sPDCCH RB-set.  



		ZTE, Sanechips

		It depends on whether sPDCCH resource reuse is indicated per sPDCCH RB set or not. If yes, it seems option 2 is more efficient. But we prefer to reuse the sPDCCH resource within all configured RB sets.  



		Qualcomm

		The eNB should make sure that there is no inconsistency in the allocation. If the sPDCCH for UE1 indicates that the overlapping resources are available for its sPDSCH, the overlapping portion should not be scheduled for UE2’s sPDSCH.



		Motorola Mobility, Lenovo

		Althought our response to Q3-1 was not a ”YES”, we would like to share our views if such dynamic indication is adopted.

sPDCCH is not mapped to the overlapped resources of RB-sets for monitoring if at least one of the RB sets is excluded for the sPDSCH operation.  
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