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Introduction
DRS in NR-U was defined including the following signals and channels in RAN1#94 [1]:
· SS/PBCH burst set, 
· RMSI CORESET(s)+PDSCH(s) associated with SSB/PBCH block(s), and
· CSI-RS.
	[bookmark: _Ref494215420]Agreement: 
· Inclusion of the CSI-RS and RMSI-CORESET(s)+PDSCH(s) (carrying RMSI) associated with SS/PBCH block(s) in addition to the SS/PBCH burst set in one contiguous burst (tentatively referred to as the NR-U DRS) can be beneficial for
· Meeting OCB requirement
· Compacting signals in time domain to limit the required number of channel access and for short channel occupancy
· Support of stand-alone NR-U deployments
· Support of automatic neighbour relations (ANR) functionality in an NR-U deployment 
· Resolution of PCI confusion in an NR-U deployment
· Note: The NR-U DRS (it can be called something else in the future) can include signals and channels that are required for cell acquisition etc. and is not limited only to reference signals
· The transmission of additional signals such as OSI and paging within the NR-U DRS is allowed and can be beneficial
· Note: This does not imply that RMSI-CORESET+PDSCH and CSI-RS can only be transmitted as part of the NR-U DRS, and does not imply that these are necessarily part of all NR-U DRS transmissions.


This contribution discusses DRS in NR-U for 15kHz and 30kHz, considering 60kHz based SSB/PBCH block is outside the scope of the WI [2]. This contribution is revision of our contribution [R1-1904800] in RAN1#96bis.

SSB pattern and Type0-PDCCH
As discussed in RAN1#96bis, SSB pattern within a slot is coupled with the starting symbol of Type0-PDCCH. For the new SSB pattern, i.e. the second SSB in a slot starts from symbol #9, it was the common understanding that Type0-PDCCH associated with the second SSB starts from symbol #7 as defined in FR2. But for the legacy SSB pattern, there were different views on whether Type0-PDCCH associated with the second SSB starts from symbol #7 or symbol #6, in case of length-1 CORESET0. 
There were 3 alternatives listed in the agreement of RAN1#96bis [3].
	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
· Alt2: 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



Half-slot-based Type0-PDCCH
Half-slot-based Type0-PDCCH, especially Type0-PDCCH associated with the second SSB, is directly impacted by the above three alternatives. Half-slot-based Type0-PDCCH for the three alternatives is shown in the following figure. 
[image: ] [image: ]
(1) Alt1: length-1 CORESET (two options)
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(2) Alt1: Length-2 CORESET
[image: ] [image: ]
(3) Alt-2: Length-1 CORESET                         (4) Alt-2: Length-2 CORESET
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(5) Alt3: length-1 CORESET
Figure 1: Example of the three alternatives for SSB pattern and Type0-PDCCH for half-slot-based Type0-PDCCH
For comparison, it was proposed offline [4] to compare the legacy SSB pattern and the new SSB pattern (i.e. Alt1/3 vs. Alt2) from the following aspects.
	Further compare option 1 and option 2 for SSB positions within a slot from the following aspects:
· Impact on SIB1 capacity and range
· The need to change type B PDSCH design
· The need to joint discuss with the configuration of 1 symbol or 2 symbol coreset 0
· The ability to handle short PUCCH in DRS burst
· The impact to RO
· The support of TDM multiplexing with CSI-RS
· The LBT requirement on the 2nd SSBs


The above comparison points are further analyzed in the following table, and the advantages are highlighted in green.
Table 1: Comparison between the legacy SSB pattern and the new SSB pattern
	
	The legacy SSB pattern
	The new SSB pattern

	Impact on SIB1 capacity and range
	6 symbols PDSCH or 5 symbols PDSCH (if one symbol is left for LBT gap) in case of length-1 CORESET0;
4 symbols PDSCH (two symbols are left for LBT gap) in case of length-2 CORESET0
	6 symbols PDSCH or 5 symbols PDSCH (if one symbol is left for LBT gap) in case of length-1 CORESET0;
5 symbols or 4 symbols PDSCH (if one symbol is left for LBT gap) PDSCH in case of length-2 CORESET0;

	The need to change type B PDSCH design
	It has been agreed that PDSCH mapping type B with durations other than 2/4/7 symbols can be considered
	It has been agreed that PDSCH mapping type B with durations other than 2/4/7 symbols can be considered

	The need to joint discuss with the configuration of 1 symbol or 2 symbol CORESET0
	Alt1 can support both length-1 and length-2 CORESET0
	It can support both length-1 and length-2 CORESET0

	The ability to handle short PUCCH in DRS burst
	Allow short PUCCH at the end of the slot
	Intends to have the entire DRS as DL burst (no UL)

	The impact to RO
	2 symbols GP
	1 symbol GP

	The support of TDM multiplexing with CSI-RS
	Allows multiplexing full 20MHz bandwidth CSI-RS at the last 2 symbols
	Have 1 symbol CSI-RS at symbol 6 and symbol 13

	The LBT requirement on the 2nd SSBs
	It does not intend to support LBT gap between two SSBs if both transmitted, assume RMSI transmitted
	Use symbol 6 as an LBT gap for the 2nd SSB transmission (with RMSI)


In our view, the legacy SSB pattern has benefit of potentially supporting GP and UL symbols at the tail of slot. Further, for legacy SSB pattern in case of Alt-1 with length-2 CORESET0, the LBT gap can be put at the tail of a slot instead a half-slot, which has no much coexistence issue.
Observation 1: The legacy SSB pattern has benefit of potentially supporting GP and UL symbols at the tail of slot, and Alt-1 can support both length-1 and length-2 CORESET0.

Slot-based Type0-PDCCH
Different from half-slot-based Type0-PDCCH, it was the common understanding that Type0-PDCCH associated with at least the first SSB starts from symbol #0, i.e.,
	· 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



Issue of M=1 in the legacy table
To support slot-based Type0-PDCCH, M can be set to 1 in the legacy table of Type-PDCCH monitoring occasions. However, when M=1 in the legacy table, because there is only one Type0-PDCCH monitoring occasion in a slot, the time span of Type0-PDCCH is twofold of that of SSBs, and the self-contained structure of a “DRS unit” does not existing. In our view, it is beneficial to support the self-contained structure for a DRS unit. The following figure illustrates an example of Type0-PDCCH monitoring occasion when M=1, where the number of the actually transmitted SSBs is 4.
[image: ]
Figure 2: An example of Type0-PDCCH monitoring occasions when M=1 in the legacy table

M=1 and two SSBs are associated with the same Type0-PDCCH in a slot
It should be noted that two SSBs are associated with the same Type0-PDCCH in a slot has not been excluded. In NR-U, QCLed SSBs in a SSB burst may be supported to enable beam repetition transmission at gNB. Therefore, two QCLed SSBs can be associated with the same Type0-PDCCH in a slot.
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(1) Alt1 & Alt3                                               (2) Alt2
Figure 3: Example of the three alternatives for SSB pattern and Type0-PDCCH for slot-based Type0-PDCCH, when “M=1 and two SSBs are associated with the same Type0-PDCCH in a slot”
Further, in this way, length-2 CORESET0 can also be supported.
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(1) Alt1 & Alt3                                               (2) Alt2
Figure 4: Example of the three alternatives for SSB pattern and Type0-PDCCH for slot-based Type0-PDCCH, when “M=1 and two SSBs are associated with the same Type0-PDCCH in a slot”
Therefore, the case that two SSBs are associated with the same Type0-PDCCH in a slot can also replace the case of M=1 in legacy table.
Observation 2: The case that two QCLed SSBs can be associated with the same Type0-PDCCH in a slot can also replace the case of M=1 in legacy table.

M=1/2 and two SSBs are associated with the two Type0-PDCCH in a slot
There could be another method to support slot-based Type0-PDCCH. In case of M=1/2, gNB may have flexibility to select some SSBs to send in NR-U. If gNB does not send the first or the second SSB in a slot, there could be slot-based Type0-PDCCH.
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(1) Alt1 & Alt3                                               (2) Alt2
Figure 5: An example of Type0-PDCCH monitoring occasion when “M=1/2 and two SSBs are associated with the two Type0-PDCCH in a slot” and the second SSB is not transmitted
Further, with such gNB implementation, length-2 CORESET0 can also be supported.
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(1) Alt1 & Alt3                                               (2) Alt2
Figure 6: Example of the three alternatives for SSB pattern and Type0-PDCCH for slot-based Type0-PDCCH, when “M=1/2 and two SSBs are associated with the two Type0-PDCCH in a slot” and the second SSB is not transmitted
In our view, the case that only one SSB is transmitted in a slot with M=1/2 can replace the case of M=1 in legacy table.
Observation 3: The case that two QCLed SSBs can be associated with the two Type0-PDCCH in a slot and the second SSB is not transmitted can also replace the case of M=1 in legacy table.

Regarding whether transmitting the second SSB, it is up to gNB implementation. If only length-1 CORESET0 is transmitted, both the first SSB and the second SSB can be sent.
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(1) Alt1 & Alt3                                               (2) Alt2
Figure 7: Example of the three alternatives for SSB pattern and Type0-PDCCH for slot-based Type0-PDCCH, when “M=1/2 and two SSBs are associated with the two Type0-PDCCH in a slot” and both two SSBs are transmitted

Summary
As a summary, we slightly prefer the legacy SSB pattern and Alt-1 which can support both length-1 and length-2 CORESET0. 
Proposal 1: Alt-1 for SSB pattern and Type0-PDCCH can be supported.
[bookmark: _GoBack]Besides, we support some useful cases of slot-based Type0-PDCCH, including M=1 and two SSBs are associated with the same Type0-PDCCH in a slot, and M=1/2 and two SSBs are associated with the two Type0-PDCCH in a slot. It can be observed that in case of slot-based Type0-PDCCH, starting symbol of Type0-PDCCH associated with the second SSB needs to be defined, which is not mentioned in the current agreements.
Proposal 2: Starting symbol of Type0-PDCCH associated with the second SSB needs to be defined to support slot-based Type0-PDCCH for the following cases:
· M=1 and two SSBs are associated with the same Type0-PDCCH in a slot;
· M=1/2 and two SSBs are associated with the two Type0-PDCCH in a slot.

RMSI PDSCH
It was proposed to discuss the following issues for RMSI PDSCH [4].
	Discussion: 
· Further discuss whether Rate-Match support of RMSI-PDSCH over SSB is warranted for NR-U, RAN1 shall consider the following aspects regarding rate-matching of RMSI PDSCH around SSB in DRS:
· Handling of DMRS, in particular for DMRS symbols shared with SSB.
· Which SSBs to rate-match around, and how that information is conveyed to the UE
· Whether the feature provides sufficient benefits, to consider for NR-U



RMSI PDSCH rate matching
As discussed above, RMSI PDCCH (i.e. Type0-PDCCH) can be half-slot based or slot based, and both can make a “DRS unit” self-contained, as shown in the following figure.
[image: ]
(a) A “DRS unit” is contained in a half-slot for half-slot-based RMSI PDCCH
[image: ]
(b) A “DRS unit” is contained in a slot for slot-based RMSI PDCCH
Figure 8: Example of “DRS unit” for half-slot-based RMSI PDCCH and slot-based RMSI PDCCH
Because a “DRS unit” is self-contained, RMSI PDSCH rate matching around SSB is easier than that in R15. Specifically, if RMSI PDSCH rate matching is performed around SSB, UE needs to make sure that the SSB within the current slot or half-slot is actually transmitted. It is true in NR-U, because if UE can detect a RMSI PDCCH successfully, the associated SSB shall be transmitted. Hence, RMSI PDSCH rate matching around SSB can be supported even at initial access stage.
Proposal 3: RMSI PDSCH rate matching around SSB can be supported, and paging/OSI PDSCH rate matching around SSB can be supported, if paging/OSI PDSCH is inside DRS. 

Handling of RMSI PDSCH DMRS collision
In some cases, RMSI PDSCH DMRS may collide with SSB. The following figure shows an example of RMSI PDSCH DMRS collision with SSB.
[image: ]
Figure 9: RMSI PDSCH DMRS for half-slot-based RMSI PDCCH, if RMSI PDCCH associated to the second SSB in a slot starts at symbol 7
It should be noted that RMSI PDSCH DMRS collision with SSB seem not present in R15, because rate matching of RMSI PDSCH around SSB is not supported at the initial access stage in R15, and gNB should not allocate RMSI PDSCH frequency resource containing SSB.
It was discussed in [5] to fix RMSI CORESET offset relative to SSB as about 0 to enlarge the available RMSI PDSCH frequency resource. The following figure shows an example of fixing RMSI CORESET offset relative to SSB as 0.
[image: ]
Figure 10: Fixing RMSI CORESET offset relative to SSB as 0 for half-slot-based RMSI PDCCH, if RMSI PDCCH associated to the second SSB in a slot starts at symbol 7
Fixing RMSI CORESET offset relative to SSB as about 0 should consider SS raster. It is general view that the number of candidates of SS raster should be reduced since 20MHz channel in unlicensed band is pre-defined. If the number of candidate of SS raster is reduced, offset between SSB and RMSI CORESET may not be so flexible. 
Observation 4: Regarding handling of RMSI PDSCH DMRS collision, fixing RMSI CORESET offset relative to SSB as 0 can be considered.
As another solution, it was mentioned in [6] that the collision issue can be solved by defining channel estimation sharing between RMSI PDCCH DMRS and RMSI PDSCH DMRS. In our view, channel estimation sharing between RMSI PDCCH DMRS and PDSCH DMRS may restrict the precoders for RMSI PDSCCH and PDSCH. 
Observation 5: Regarding handling of RMSI PDSCH DMRS collision, channel estimation sharing between RMSI PDCCH DMRS and PDSCH DMRS may not be applicable.
As the third solution, UE may assume “frequency-region level rate matching”, i.e. UE may assume the all symbols overlapping with the frequency region of SSB are not used in resource mapping. The following figure shows the “frequency-region level rate matching” for half-slot-based RMSI PDCCH.
[image: ]
Figure 11: The “frequency-region level rate matching” for half-slot-based RMSI PDCCH, if RMSI PDCCH associated to the second SSB in a slot starts at symbol 7
For slot-based RMSI PDCCH, the “frequency-region level rate matching” is shown in the following figure.
[image: ]
Figure 12: The “frequency-region level rate matching” for slot-based RMSI PDCCH case, if RMSI PDCCH associated to the second SSB in a slot starts at symbol 1
Observation 6: Regarding handling of RMSI PDSCH DMRS collision, “frequency-region level rate matching” can be considered, i.e. UE may assume the all symbols in the RBs overlapping with the frequency region of SSB is not used in resource mapping.
Regarding handling of RMSI PDSCH DMRS collision, we prefer both fixing RMSI CORESET offset relative to SSB as about 0 and “frequency-region level rate matching”.
Proposal 4: Regarding handling of RMSI PDSCH DMRS collision, the following options can be considered:
· Option-1: Fixing RMSI CORESET offset relative to SSB as about 0.
· Option-2: “Frequency-region level rate matching”, i.e. UE may assume the all symbols in the RBs overlapping with the frequency region of SSB is not used in resource mapping.

CSI-RS within DRS
In NSA deployment, DRS will only contain SSB and CSI-RS, since RMSI may not be sent. CSI-RS can be sent to achieve OCB requirement. In SA deployment, CSI-RS is not so necessary for OCB requirement, but CSI-RS can be used for other purpose.
In R15 NR, there are four types of CSI-RS defined, such as CSI-RS for mobility, CSI-RS for beam management, CSI-RS for CSI acquisition and CSI-RS for tracking. In our view, necessity of CSI-RS for mobility and beam management needs FFS, since
· SSB can be used for RRM measurement and beam management, and 
· finer beam may be not necessary in sub-7GHz, and
· beamforming gain is limited in NR-U due to limitation of PSD/EIRP.
Therefore, we only focus on CSI-RS for CSI acquisition and CSI-RS for tracking.
In connected mode, including CSI-RS for CSI acquisition in DRS may be necessary to increase accuracy of CSI knowledge at gNB. CSI-RS for tracking (TRS) may provide more accurate T/F synchronization, since CSI-RS for tracking has wider bandwidth. 
From perspective of standardization impact, CSI-RS can be flexibly configured by RRC signalling in connected mode in R15, so additional standardization on top of CSI-RS configuration needs further study. First, LBT impact to CSI-RS configuration, e.g. time domain pattern, should be considered. It should be noted that, in LAA CSI-RS for CSI acquisition can be configured in DRS, and LBT will impact DRS as whole. Second, rate matching around CSI-RS for idle-mode UE should be considered, since DRS is used by connected-mode UE and idle-mode UE at the same time. Third, multiplexing between SSB and CSI-RS for CSI acquisition and channel tracking should be considered. 
Proposal 5: Standardization impact of CSI-RS for CSI acquisition and channel tracking within DRS should be considered:
· LBT impact to CSI-RS configuration;
· Rate matching around CSI-RS for idle-mode UE.
· Multiplexing between SSB and CSI-RS.

Conclusion
In the contribution, we have the following proposals.
Proposal 1: Alt-1 for SSB pattern and Type0-PDCCH can be supported.
Proposal 2: Starting symbol of Type0-PDCCH associated with the second SSB needs to be defined to support slot-based Type0-PDCCH for the following cases:
· M=1 and two SSBs are associated with the same Type0-PDCCH in a slot;
· M=1/2 and two SSBs are associated with the two Type0-PDCCH in a slot.
Proposal 3: RMSI PDSCH rate matching around SSB can be supported, and paging/OSI PDSCH rate matching around SSB can be supported, if paging/OSI PDSCH is inside DRS. 
Proposal 4: Regarding handling of RMSI PDSCH DMRS collision, the following options can be considered:
· Option-1: Fixing RMSI CORESET offset relative to SSB as about 0.
· Option-2: “Frequency-region level rate matching”, i.e. UE may assume the all symbols in the RBs overlapping with the frequency region of SSB is not used in resource mapping.
Proposal 5: Standardization impact of CSI-RS for CSI acquisition and channel tracking within DRS should be considered:
· LBT impact to CSI-RS configuration;
· Rate matching around CSI-RS for idle-mode UE.
· Multiplexing between SSB and CSI-RS.
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