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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 [R1-1908963] in RAN1#98.

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. 
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(1) Alt1: Length-1 CORESET (two options)
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(2) Alt1: Length-2 CORESET
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(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

Discussion in RAN1#97
In [4], comparison among the three alternatives was listed in different aspects.
In discussion of RAN1#97, the alternatives were down selected to Alt-1 and Alt-2. However, there was no consensus between Alt-1 and Alt-2, and only if there is a majority who believes that enhancement is needed, the topic could be revisited.
	Agreement:
For SSB positions and type-0 PDCCH monitoring in a slot, only Alternatives 1 and 2 (from the previous agreement in RAN1#96bis) are considered further.
Note: As per the previous agreement one of Alternative 1 and 2 is to be selected at RAN1#97

Conclusion:
There is no consensus between Alternative 1 and Alternative 2 on the topic of SSB positions and type-0 PDCCH monitoring in a slot. No further online or scheduled offline discussions will be conducted on this topic. If there is consensus on such enhancements, the topic can be revisited in the Rel-16 NR-U work item. 

Friday: Nokia concern with not down selecting between the two alternatives – may have impact on future work
Huawei wondered how the issue could be brought back to discussion, if need be
Ad-hoc chair repeated (comment already made during the online session) that if there will be a majority who believes that enhancement is needed and further action must be taken, the topic could be readdressed



Impact of no consensus between Alt-1 and Alt-2
In RAN1#97, the impact of no consensus between Alt-1 and Alt-2 has been discussed. Here, some views are provided.

Impact to Type0-PDCCH
The first impact is Type0-PDCCH. It may be controversial to the following agreement:
	Agreement:
The Type0-PDCCH monitoring configuration for NR-U should satisfy at least the following properties:
· TDM of Type0-PDCCH and SSB similar to existing pattern 1 (already agreed)
· Support the monitoring of Type0 PDCCH of the 2nd SSB position in a slot in the gap between 1st and 2nd SSB within the slot
· FFS start at symbol #6 of #7 or both
· FFS: The Type0-PDCCH candidates associated with an SSB are confined within a slot carrying the associated SSB (with the same QCL assumptions)


Consequently, the half-slot based Type0-PDCCH will not be supported, if we fall back to support the Type0-PDCCH monitoring occasions defined in R15 FR1. As shown in the next section, we can move forward based on the slot based Type0-PDCCH.

Impact to the second SSB in a slot
The second impact is the support of the second SSB in a slot. There could be some options to handle the issue of the support of the second SSB in a slot.
· Option 1: Support the SSB pattern of Case A (15kHz SCS) and Case C (30kHz SCS), i.e. SSB pattern in Alt-1.
· Option 2: Support the SSB pattern of Case B (30kHz SCS);
· Option 3: Do not support the second SSB in a slot. 
For Option 1 and 2, there is marginal spec impact. For Option 3, the support of the second SSB in a slot is assumed when we agreed the number of SSB candidate positions in RAN1#97, so the non-support of the second SSB in a slot will be controversial to the agreement on the number of SSB candidate positions. Therefore, we prefer Option 1 and Option 2.
In Option 2, the SSB pattern of Case B is only supported for 30kHz SCS in R15, so it will lead to spec impact if the SSB pattern of Case B is introduced to 15kHz SCS. So, Option 2 may not be acceptable.
For Option 1, it is the legacy SSB pattern, but the half-slot based Type0-PDCCH associated to the second SSB is the argued point which blocks the progress. Hence, as a compromise way only the slot based Type0-PDCCH is supported on the basis of the legacy SSB pattern. It is also understood that the slot base Type0-PDCCH will lead to that gNB can only achieve TXOP at the beginning of a slot instead of a half slot. The more TXOP at gNB is also the reason why we decided to support the half-slot based Type0-PDCCH. But considering the current situation, perhaps we can only accept it. 
Proposal 1: The SSB pattern of Case A (15kHz SCS) and Case C (30kHz SCS) as defined in R15 FR1 is supported.

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, for both Alt 1 and Alt 2.
	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
· 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



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 Type0-PDCCH monitoring occasions. 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.  On the other hand, the self-contained structure of a “DRS unit” is destroyed. Due to the fact that there could be several slots time gap between an SSB and the associated Type0-PDCCH monitoring occasion, missing TXOP of an SSB in the candidate position will lead to that the associated Type0-PDCCH is useless for UE initial access. The following figure illustrates an example of Type0-PDCCH monitoring occasion when M=1, where the number of the actually transmitted SSBs is 4.
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Figure 2: An example of Type0-PDCCH monitoring occasions when M=1 in the legacy table
In our view, when we define the SSB candidate positions, we have beard in mind the self-contained structure of a DRS unit, for example, when we designed the time budget of the number of SSB candidate positions in a 5ms window. Therefore, it is better not to destroy the self-contained structure.

M=1/2 and two SSBs are associated with the two Type0-PDCCH in a slot
As a legacy pattern, two Type0-PDCCH monitoring occasions can be set at the beginning of a slot, and they can be associated to the two SSB in a slot. The only drawback is that it only supports the length-1 CORESET0.
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(1) Alt1 & Alt3                                               (2) Alt2
Figure 5: 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
We have the following proposal.
Proposal 2: If the number of search space sets of Type0-PDCCH per slot is two, i.e. M=1/2, the two SSBs in a slot are associated with the two Type0-PDCCH respectively at the beginning of the slot, and duration of CORESET of Type0-PDCCH can be one symbol.

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”
Furthermore, as a main benefit, length-2 CORESET0 can be supported in this pattern.
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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 1: 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. 
We have the following proposal.
Proposal 3: If the number of search space sets of Type0-PDCCH per slot is one, i.e. M=1, the two SSBs in a slot is associated with the same Type0-PDCCH at the beginning of the slot, and duration of CORESET of Type0-PDCCH can be one and two symbols.

RMSI PDSCH
It was proposed to discuss the following issues for RMSI PDSCH [5].
	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



Assumption of self-contained “DRS unit”
As discussed above, a “DRS unit” can be self-contained with some restriction mentioned in Section 2.2, if Type0-PDCCH is slot based, as shown in the following figure.
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Figure 6: Example of “DRS unit” for slot based RMSI PDCCH

Setting SSB close to the edge of initial DL BWP
As a solution substituting rate matching, setting SSB close to the edge of initial DL BWP [6] can avoid the issue that nearly half of frequency resource of initial active DL BWP can be scheduled for RMSI PDSCH, as shown in the following figure.
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Figure 7: Setting SSB close to the edge of initial DL BWP for slot based RMSI PDCCH
In this way, RMSI PDSCH rate matching is not so necessary, which is described in the following LS.
	R1-1907884	[DRAFT] LS to RAN4 on impact of sync raster placement for NR-U in RAN1	Qualcomm
Decision: The final LS is approved in R1-1907896 with the main body of the LS changed to the following:
“RAN1 understands RAN4 is discussing the sync raster design for NR-U band in 5GHz with the options of placing the sync raster either in approximately the middle of each 20MHz channel, or at approximately the edge of each 20MHz channel. RAN1 evaluated the impact to RAN1 if either of the options are adopted in RAN4.

From a RAN1 perspective, in unlicensed bands, where the DL initial BWP is nominally 20 MHz, RAN4 decisions on sync raster points have consequences on RAN1 design. RAN1 has discussed these consequences. 
· If a SSB is not close to the edge, the number of RBs available to carry SIB1 would be limited although further enhancement to introduce rate matching around the SSBs to address this limitation are being discussed in RAN1
· If a SSB is close to the edge, the number of RBs available to carry SIB1 would be less limited although whether or not further enhancement to introduce rate matching around the SSBs is needed is being discussed in RAN1”


In RAN4#92, it was agreed that SSB can be placed close to the edge of sub-bands.
	Agreement: 
RAN4 agreed to place the SSB close to the edge of sub-bands 
RAN4 will continue discuss the detailed values of offset to the edge of sub-bands considering the adjacent channel interference
RAN4 agreed to introduce single default sync raster for each sub-band 


But, the detailed values of offset to the edge of subbands is to be defined. Thus, there may be benefit to define RMSI PDSCH rate matching if offset is larger than a number of PRBs.

RMSI PDSCH rate matching
Here we only discuss the cases of DRS alone or multiplexed with non-unicast data (e.g. OSI, paging, RAR). As the agreement in RAN1#95, this case will use Cat 2 LBT. 
	RAN1#95 Agreement:
· For initiation of a COT by the gNB (operating as an LBE device), following LBT schemes are used (the table below, see also possible exception in the Note, to be discussed later)
	Channels / signals initiating the COT
	Cat 2 LBT
	Cat 4 LBT

	DL
	DRS alone or multiplexed with non-unicast data (e.g. OSI, paging, RAR) 
	when the DRS duty cycle <= 1/20, and the total duration is up to 1 ms:
· 25 us Cat 2 LBT is used (as in LAA)
	When DRS duty cycle is > 1/20, or 
total duration > 1 ms, 


	
	DRS multiplexed with unicast data 
	N/A except for the cases discussed in the Note below
	Channel access priority class is selected according to the multiplexed data


	
	PDCCH and PDSCH
	N/A except for the cases discussed in the Note below
	Channel access priority class is selected according to the multiplexed data





It should be noted that DRS alone and multiplexing with non-unicast data (e.g. OSI, paging, RAR) can all use Cat 2 LBT. Thus, we will focus on RMSI and other broadcast data, e.g. OSI, paging, RAR. 
For DRS multiplexed with unicast data, it is discussed in our companion contribution [7].

When receiving RMSI after SSB detection
R15 does not support RSMI PDSCH rate matching around SSB when receiving RMSI after SSB detection, as described in 38.214 shown below.
	When receiving the PDSCH scheduled with SI-RNTI and the system information indicator in DCI is set to 0, the UE shall assume that no SS/PBCH block is transmitted in REs used by the UE for a reception of the PDSCH.


In NR-U, because of the self-contained “DRS unit”, RMSI PDSCH rate matching around SSB at cell search is possible, which is different from R15. Specifically, if RMSI PDSCH rate matching is performed around SSB, UE needs to make sure that the SSB within the current slot is actually transmitted. It is true if the self-contained structure is supported for a “DRS unit”. After cell search procedure, UE should monitor at least one Type0-PDCCH associated to a detected SSB. If UE decodes the Type0-PDCCH successfully, UE confirms that the SSB(s) within the same slot shall be transmitted. Hence, RMSI PDSCH rate matching around SSB(s) within the same slot is feasible.
Observation 2: When receiving RMSI after cell search, RMSI PDSCH rate matching around SSB(s) within the same slot is feasible.
It is needed to discuss RMSI rate matching other than the case Type0-PDCCH is configured by pdcch-ConfigSIB1 in MIB (i.e. when receiving RMSI after cell search). 
	a Type0-PDCCH CSS set configured by pdcch-ConfigSIB1 in MIB or by searchSpaceSIB1 in PDCCH-ConfigCommon or by searchSpaceZero in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a SI-RNTI on the primary cell of the MCG



[bookmark: _GoBack]Configured by searchSpaceZero in PDCCH-ConfigCommon
For handover and PSCell/SCell addition/change, UE can be configured with search space 0 in the target cell by PDCCH-ConfigCommon. The configuration is also based on 4 bits like those in pdcch-ConfigSIB1 in MIB.
	searchSpaceZero
Parameters of the common SearchSpace#0. The values are interpreted like the corresponding bits in MIB pdcch-ConfigSIB1. Even though this field is only configured in the initial BWP (BWP#0) searchSpaceZero can be used in search spaces configured in other DL BWP(s) than the initial DL BWP if the conditions described in TS 38.213 [13], clause 10 are satisfied.


In this case, UE should at least detect an SSB to determine Type0-PDCCH associated to the SSB, and due to the self-contained structure of a “DRS unit”, UE can perform RMSI PDSCH rate matching around the SSB(s) within the same slot, like procedure mentioned in Section 3.3.1. 
According to the description in Subclause 10.1 of TS 38.213, broadcast PDSCH (besides RMSI PDSCH) can be also scheduled by PDCCH of search space zero. Thus, it can be performed rate matching around SSB(s). 
	If a UE is provided a zero value for searchSpaceID in PDCCH-ConfigCommon for a Type0/0A/2-PDCCH CSS set, the UE determines monitoring occasions for PDCCH candidates of the Type0/0A/2-PDCCH CSS set as described in Subclause 13.


Observation 3: If search space set of broadcast PDCCH is search space zero, broadcast PDSCH rate matching around SSB(s) within the same slot which is scheduled by the broadcast PDCCH is feasible.

Reconfigured by searchSpaceSIB1 in PDCCH-ConfigCommon
Type0-PDCCH CSS set can be set to a non-zero value by searchSpaceSIB1 in PDCCH-ConfigCommon.
	searchSpaceSIB1
ID of the search space for SIB1 message. In the initial DL BWP of the UE′s PCell, the network sets this field to 0. If the field is absent, the UE does not receive SIB1 in this BWP. (see TS 38.213 [13], clause 10)


If Type0-PDCCH CSS set is set to a non-zero value by searchSpaceSIB1 in PDCCH-ConfigCommon, the self-contained “DRS unit” may not guaranteed, so RMSI rate matching is hard to be realized.
Observation 4: If Type0-PDCCH CSS set is reconfigured by searchSpaceSIB1 in PDCCH-ConfigCommon and searchSpaceSIB1 is set to a non-zero value, RMSI PDSCH rate matching around SSB within the same slot is hard to be realized.

PDSCH time-domain resource allocation
To construct the self-contained “DRS unit”, RMSI PDSCH time-domain resource allocation should be considered. As defined in 38.214, RMSI PDSCH time-domain resource allocation will apply Default A table for FR1.
	Table 5.1.2.1.1-1: Applicable PDSCH time domain resource allocation
	RNTI
	PDCCH search space
	SS/PBCH block and CORESET multiplexing pattern
	pdsch-ConfigCommon includes pdsch-TimeDomainAllocationList
	pdsch-Config includes pdsch-TimeDomainAllocationList
	PDSCH time domain resource allocation to apply

	SI-RNTI

	Type0 common
	1
	-
	-
	Default A for normal CP

	
	
	2
	-
	-
	Default B

	
	
	3
	-
	-
	Default C





 The Default table A is shown in the following.
	Table 5.1.2.1.1-2: Default PDSCH time domain resource allocation A for normal CP 
	Row index
	[bookmark: _Hlk513099354]dmrs-TypeA-Position
	PDSCH mapping type
	K0
	S
	L

	1
	2
	Type A
	0
	2
	12

	
	3
	Type A
	0
	3
	11

	2
	2
	Type A
	0
	2
	10

	
	3
	Type A
	0
	3
	9

	3
	2
	Type A
	0
	2
	9

	
	3
	Type A
	0
	3
	8

	4
	2
	Type A
	0
	2
	7

	
	3
	Type A
	0
	3
	6

	5
	2
	Type A
	0
	2
	5

	
	3
	Type A
	0
	3
	4

	6
	2
	Type B
	0
	9
	4

	
	3
	Type B
	0
	10
	4

	7
	2
	Type B
	0
	4
	4

	
	3
	Type B
	0
	6
	4

	8
	2,3
	Type B
	0
	5
	7

	9
	2,3
	Type B
	0
	5
	2

	10
	2,3
	Type B
	0
	9
	2

	11
	2,3
	Type B
	0
	12
	2

	12
	2,3
	Type A
	0
	1
	13

	13
	2,3
	Type A
	0
	1
	6

	14
	2,3
	Type A
	0
	2
	4

	15
	2,3
	Type B
	0
	4
	7

	16
	2,3
	Type B
	0
	8
	4





It can be observed that, in the Default A table, all k0 is 0. Thus, if SSB and associated Type0-PDCCH locates in a slot, RMSI PDSCH scheduled by the Type0-PDCCH also locates in the same slot. It is also true for broadcast PDSCH scheduled by broadcast PDCCH with search space zero.
Observation 5: If SSB and associated broadcast PDCCH locates in a slot, the scheduled broadcast PDSCH also locates in the same slot for Default A table.

Summary
As summary, we have the following proposal.
Proposal 4: RMSI PDSCH rate matching around SSB(s) can be supported.
Proposal 5: Broadcast PDSCH rate matching around SSB(s) can be supported, where broadcast PDSCH is scheduled by broadcast PDCCH in search space zero and uses the Default A time-domain resource allocation.

Handling of RMSI PDSCH DMRS collision
If RMSI PDSCH rate matching around SSB is supported, RMSI PDSCH DMRS may collide with SSB. The following figure shows an example of RMSI PDSCH DMRS collision with SSB.
 [image: ]
Figure 8: RMSI PDSCH DMRS for slot based RMSI PDCCH
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 overlapping with SSB.
It should be noted that setting SSB close to the edge of initial DL BWP can also avoid collision between RMSI PDSCH DMRS and SSB. But this is up to RAN4 discussion on SS raster and resource grid. 
Observation 6: Regarding handling of RMSI PDSCH DMRS collision, setting SSB close to the edge of initial DL BWP can be considered.
As another solution, it was mentioned in [8] 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 7: 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 slot based RMSI PDCCH.
[image: ]
Figure 9: The “frequency-region level rate matching” for slot based RMSI PDCCH
Observation 8: 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 slightly prefer “frequency-region level rate matching”.
Proposal 6: “Frequency-region level rate matching” can be supported, i.e. UE may assume the frequency resource in all symbols in the RBs overlapping with SSB is not used in resource mapping.

DRS periodicity
Under restriction of duty cycle of DRS, DRS periodicity should not be too small. But, the large DRS periodicity may need large buffer size at UE side, so the complexity of UE should be considered as defined the set of DRS periodicity. It can be an FFS point. Anyway, the default DRS periodicity can be equal to 20ms.
Proposal 7: The default DRS periodicity can be equal to 20ms.

Conclusion
In the contribution, we have the following proposals.
Proposal 1: The SSB pattern of Case A (15kHz SCS) and Case C (30kHz SCS) as defined in R15 FR1 is supported.
Proposal 2: If the number of search space sets of Type0-PDCCH per slot is two, i.e. M=1/2, the two SSBs in a slot are associated with the two Type0-PDCCH respectively at the beginning of the slot, and duration of CORESET of Type0-PDCCH can be one symbol.
Proposal 3: If the number of search space sets of Type0-PDCCH per slot is one, i.e. M=1, the two SSBs in a slot is associated with the same Type0-PDCCH at the beginning of the slot, and duration of CORESET of Type0-PDCCH can be one and two symbols.
Proposal 4: RMSI PDSCH rate matching around SSB(s) can be supported.
Proposal 5: Broadcast PDSCH rate matching around SSB(s) can be supported, where broadcast PDSCH is scheduled by broadcast PDCCH in search space zero and uses the Default A time-domain resource allocation.
Proposal 6: “Frequency-region level rate matching” can be supported, i.e. UE may assume the frequency resource in all symbols in the RBs overlapping with SSB is not used in resource mapping.
Proposal 7: The default DRS periodicity can be equal to 20ms.
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Appendix
A.1 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. 
Observation A1: 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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