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Introduction
The followings are the agreements on DRS design in the last meeting [1].
	
Agreement:
Only coreset #0 lengths of 1 and 2 symbols are supported for NR-U

Agreement:
Select one of the following options in RAN1 #97:
· Alt 1: Legacy SSB positions in a slot
· Support Type0-PDCCH in symbol (#0, #1) for length-2 coreset 0 and symbol (#0) for length-1 coreset 0 at least for the first SSB in a slot
· Support Type0-PDCCH in symbol (#6, #7) for length-2 coreset 0 and symbol #6 or symbol #7 for length-1 coreset 0 for the second SSB in a slot
· FFS: configurable between symbols #6 and #7 for the length-1 coreset 0 for the second SSB in a slot
· Alt 2: New SSB positions in a slot
· Support Type0-PDCCH in symbol (#0, #1) for length-2 coreset 0 and symbol (#0) for length-1 coreset 0 for the first SSB in a slot
· Support Type0-PDCCH in symbol (#7, #8) for length-2 coreset 0 and symbol (#7) for length-1 coreset 0 for the second SSB in a slot
· Alt 3: Legacy SSB positions in a slot
· Support Type0-PDCCH in symbol (#0, #1) for length-2 coreset 0 and symbol (#0) for length-1 coreset 0 for the first SSB in a slot
· Support Type0-PDCCH in symbol (#7) for coreset 0 for the second SSB in a slot




Based on the above agreements and the remaining issues in the offline summary document [2], we introduce our views on NR-U DRS design in this contribution.
NR-U design
SSB pattern for DRS
In the last meeting, it has been agreed that one of three options for SSB pattern for DRS will be down-selected in this meeting. Even though there are three alternatives for DRS design, there are two related SSB patterns as shown in Figure 1. Alt 2 supports the new SSB pattern while Alt 1 and Alt 3 are to reuse legacy SSB pattern. In case of Alt 1, there is flexibility to select a symbol position of 1-symbol CORESET #0 for the second SSB in a slot, and it is not limited to half-slot-based DRS design. On the other hand, Alt 3 has no such a flexibility, and it is limited to half-slot-based DRS design. Alt 3 also has a restriction on the number of symbols for CORESET #0 for the second SSB in a slot. Half-slot-based DRS design would be beneficial for configuration of LBT occasion at gNB side and also beneficial for Type0-PDCCH monitoring occasion at UE side. It would be also advantageous for further design of DRS including DM-RS position, CORESET configuration, etc. In addition, 2-symbol CORESET #0 should be supported since not only RMSI PDCCH but also other PDCCHs including OSI, paging, RAR, etc. can be transmitted in CORESET #0. Therefore, Alt 2 is the suitable option for half-slot-based DRS design and 2-symbol CORESET #0 even though an introduction of new SSB pattern might increase specification works and also complexity of UE cell searcher and gNB scheduler since the pattern is different from the legacy pattern.



[bookmark: _Ref4747819]Figure 1.  Two candidate SSB patterns for DRS design in NR-U
Proposal 1: Support Alt 2 for DRS design in NR-U.

Multiplexing SSB and RMSI PDSCH
At least for DRS transmission on a PCell, multiplexing with RMSI and other signals/channels should be necessary in order to satisfy the OCB requirement during SSB transmission and provide the system information for initial access. For multiplexing with RMSI, rate-matching of RMSI PDSCH around SSB(s) within a DRS should be considered. If a UE detects an SSB, the UE knows the overlapped resource between the detected SSB and the corresponding RMSI PDSCH. However, in Rel-15 NR it has been already defined for legacy UE that when a UE receives the RMSI PDSCH, the UE shall assume that no SSB is transmitted in REs used by the UE for a reception of the RMSI PDSCH [3]. Therefore, for clarification of NR-U UE’s behavior and distinguishing NR-U UE’s behavior from legacy UE’s one, it would be necessary to introduce additional indication via RMSI PDCCH for NR-U UE to rate-match RMSI PDSCH around SSB(s) when the resources for RMSI PDSCH are overlapped with the resources for SSB(s).
When the RMSI PDSCH resources are overlapped with the candidate resources for other SSB as well as the detected SSB in a slot, the UE cannot know whether the candidate resources for other SSB are used for actual transmission or not. For handling this case, it would be also beneficial to indicate whether the other SSB in the slot is actually transmitted or not.
Proposal 2: Add an indication in RMSI PDCCH regarding rate-matching of RMSI PDSCH around SSB(s) within a DRS
· FFS: details of indication method (e.g., corresponding SSB or (other) candidate SSB or both)

On Type0-PDCCH monitoring
Based on the first proposal for the SSB pattern in the above, the starting symbol of Type0 PDCCH of the second SSB should be #7 if CORESET#0 is configured as 2 symbols. In case of 1-symbol CORESET, additionally #8 can be defined as the starting symbol of Type0-PDCCH of the second SSB in order to increase LBT occasion. Similarly, #1 can be also defined as the starting symbol of Type0-PDCCH of the first SSB as well as #0 in case of 1-symbol CORESET.
Proposal 3: For Type0-PDCCH monitoring occasion,
· In case of 1 symbol-CORESET, additionally {#1} and {#8} can be set as the starting symbol of Type0-PDCCH of the first and second SSB respectively.

On PDSCH resource allocation in DRS
If only one DRS is defined in a slot, PDSCH mapping Type A can be utilized for RMSI PDSCH scheduling similar as legacy NR. If two DRSs are defined in a slot, PDSCH mapping Type B will be more suitable for RMSI PDSCH scheduling since it has flexibility of starting symbol position of PDSCH. However, in case of PDSCH mapping Type B, only 2, 4, or 7 symbols is supported for PDSCH symbol duration. Considering our previous proposal (supporting half-slot-based DRS) and enough resources for RMSI PDSCH, 5 and 6 symbols for PDSCH duration should be supported for 2-symbol and 1-symbol CORESET #0 respectively.
Proposal 4: For RMSI PDSCH symbol duration,
· If one DRS (i.e., slot-based DRS) is configured in a slot, PDSCH mapping Type A can be used.
· If two DRSs (i.e., half-slot-based DRS) are configured in a slot, PDSCH mapping Type B with additional symbol durations (e.g., 5 and 6 symbols) can be used.
Summary
In this contribution, we made the following proposals for NR-U DRS design.
Proposal 1: Support Alt 2 for DRS design in NR-U.
Proposal 2: Add an indication in RMSI PDCCH regarding rate-matching of RMSI PDSCH around SSB within DRS
· FFS: details of indication method (e.g., corresponding SSB or (other) candidate SSB or both)
Proposal 3: For Type0-PDCCH monitoring occasion,
· In case of 1 symbol-CORESET, additionally {#1} and {#8} can be set as the starting symbol of Type0-PDCCH of the first and second SSB respectively.
Proposal 4: For RMSI PDSCH symbol duration,
· If one DRS (i.e., slot-based DRS) is configured in a slot, PDSCH mapping Type A can be used.
· [bookmark: _GoBack]If two DRSs (i.e., half-slot-based DRS) are configured in a slot, PDSCH mapping Type B with additional symbol durations (e.g., 5 and 6 symbols) can be used.
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