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1. Introduction
In RAN1#90 following agreements in this AI have been achieved:
On multiplexing

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 
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

Furthermore, based on emails discussion summary [90-08] in [1], the following proposals seem to be agreeable:
[90-08]-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.
[90-08]-Proposal-3: Support dynamic mechanism for reuse of unused sPDCCH resources by explicit indication in sDCI scheduling the sPDSCH. Details are FFS.


2. Multiplexing between sPDCCH RB-set and sPDSCH  
The remaining aspect of multiplexing is related to the following proposal in [1]:

[90-08]-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

[bookmark: _GoBack]We think that Alternative 1 should be supported, where the rate-matching of CRS-based sPDCCH around potential sPDSCH DMRS is configured together with the CRS-based sPDCCH RB-set. It is up to eNB to use this option, when scheduling mostly DMRS-based TMs with CRS-based sPDCCH.
Proposal-1: Support Alternative 1 of [90-08]-Proposal-2 (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), the rate-matching around potential sPDSCH DMRS is configured together with the CRS-based sPDCCH RB-set.

3. Enabling reuse of unused sPDCCH candidates/resources  
In [90-08] the companies views on default rate-matching mechanism were diverse and many companies pointed out that if reuse mechanism becomes part of default sTTI operation, no discussion on default rate-matching is required. Below are two points from the summary of [90-08] in [1]:  
[90-08]-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.    
[90-08]-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.
We think that explicit indication should be a default mechanism in addition to UE’s sPDSCH rate-matching around the PDCCH scheduling the sPDSCH, this is essential feature to operate subslot sTTI. The granularity of resource allocation for sTTI will be larger, and therefore the resource allocation cannot efficiently allocate sPDSCH around the sDCIs of other UEs, and puncturing is having negative impact on performance. In addition, to improve the reuse efficiency we think that a UE should rate-match around sPDCCH scheduling the sPDSCH.  
Proposal-2: Adopt [90-08]-Proposal-4 (The dynamic reuse mechanism of sPDCCH, using explicit indication in the sPDSCH assignment, is part of the default sTTI operation). 
Proposal-3: In addition to the dynamic reuse indication, a UE should rate-match around sPDCCH scheduling the sPDSCH.
With respect to the exact reuse signaling mechanism, three options were identified in [90-08]:
[bookmark: _Hlk494229775][90-08]-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


In email discussion [90-08] companies supporting Option 1 argued that the search-space in sPDCCH can be configured to have the same starting sCCE for ALs of all UEs, and such enable the continuous allocation. However, same starting sCCE for all ALs of all UEs would increase the blocking probability. One option to minimize blocking probability is to configure to multiple UEs the same sPDCCH RB-set(s), and the same starting sCCE positions for the ALs. This is illustrated on an example in Figure 1, where a single configured localized RB-set consists of 16 logical sCCEs, one UE monitors 3xAL1 + 3x AL2 and the other UE 3xAL2 and 2xAL4. Obviously, in such a typical configuration setting, the continuous allocation of CCEs is not possible. 




Figure 1 Reusing unused control resource using common search space for all sTTI UEs



Observation-1: Signalling scheme of the last used sCCE (Option1) may not be efficient for the most typical search space configurations where the candidates of different AL are non-overlapping, to avoid/minimize blocking. 
Furthermore, Option 1 and Option 3 signalling operates also on sCCEs which are not overlapping with the scheduled sPDSCH, this making the scheme less efficient. 

Observation-2: Signalling mechanism should operate only on sCCEs which are overlapping, or partially overlapping with the sPDSCHs
The Option 3, is very course, and is in fact a subset of Option 2, as Option 3 and Option 2 are the same if  all sCCEs of a RB-set are forming an sCCE group. 

Based on the above discussion we propose:
Proposal-4: Adopt Option 2 of the [90-08]-Proposal-5 (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).

Given the Observation-2 and assuming a default rate-matching behaviour around the sCCEs carrying the sPDSCH assignment (of Proposal 3), we have the following proposal on sCCE grouping:

Proposal-5: If the Proposal-3 and Proposal-4 are agreed, only sCCEs which are overlapping or partially overlapping with the sPDSCHs and are not containing the sPDSCH assignment are separated into N sCCE groups.


4. Summary
Based on the discussion in this contribution, we have the following observations and proposals:
TBA
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