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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- 1902736] in RAN1#96.

DRS properties

Duration of DRS and DRS transmission window
It was agreed to strive to minimize the channel occupancy time of DRS in RAN1#93 [3]:
	· Strive to minimize the channel occupancy time of the signal


In our view, COT of DRS is related to duration of DRS transmission. 
In general view, the maximum duration of DRS transmission can be implicitly defined as the maximum time span of SSB and RMSI PDCCH/PDSCH. Further, because SSB and RMSI PDCCH/PDSCH may be contained in a resource unit in NR-U, the maximum duration of DRS can be implicitly defined as the maximum time span of the transmitted SSBs.
As well, duration of DRS transmission window can be implicitly defined as time span of all candidate SSB positions.
From above observations, we have the following proposal.
Proposal 1: The maximum duration of DRS transmission can be implicitly defined as the maximum time span of the transmitted SSBs, and duration of DRS transmission window can be implicitly defined as time span of all candidate SSB positions.

SSB

SSB pattern within a slot
It was agreed in RAN1#96 that the SSB pattern in a slot should be down-selected from the two options for both SA and NSA deployment.
	Agreement:
· Down-select from the following options for SSB pattern (symbol index starts at 0)
· Option 1: SSBs are at symbols (2,3,4,5) and (8,9,10,11) in the slot
· Option 2: SSBs are at symbols (2,3,4,5) and (9,10,11,12) in the slot
· The down-selected pattern applies no matter if SSB SCS is indicated by higher layer or not, and no matter if RMSI is transmitted or not.


Option 1 is the SSB patterns defined in R15 as Case A (15 kHz) and R15 Case C (30kHz). Option 1 and Option 2 are illustrated in the following figure.
[image: ] [image: ]
(Option 1, i.e. Case A and Case C)                                                     (Option 2)
Figure 1: Example of Option 1 and Option 2
The SSB pattern in a slot is related to RMSI PDCCH and RMSI PDSCH. For both Option 1 and Option 2, RMSI PDCCH associated to the first SSB in a slot can start at symbol 0, and RMSI PDCCH associated to the second SSB in a slot can start at symbol 6. For Option 1, if RMSI PDCCH associated to the second SSB in a slot starts at symbol 6, then RMSI PDSCH associated to the first SSB can have 5 symbols, and RMSI PDSCH associated to the second SSB can have 7 symbols. It can be shown in the following figure.
[image: ]
Figure 2: Option 1, if RMSI PDCCH associated to the second SSB in a slot starts at symbol 6
It can be observed that there could be the asymmetric symbol number of RMSI PDSCH associated to the first and the second SSB respectively. But if RMSI PDSCH associated to the first SSB and the second SSB both have 5 symbols, the “extra” two symbols of RMSI PDSCH associated to the second SSB can be used as UL transmission when Cat-4 LBT is used. The UL transmission within DRS COT may be useful for HARQ-ACK feedback when unicast PDSCH is multiplexed with DRS. The following figure shows an example of Option 1 with UL transmission.
[image: ]
Figure 3: Option 1 with UL transmission, if RMSI PDCCH associated to the second SSB in a slot starts at symbol 6
For Option 1, if RMSI PDCCH associated to the second SSB in a slot starts at symbol 7, then RMSI PDSCH associated to the first and the second SSB can both have 6 symbols. 
[image: ]
Figure 4: Option 1, if RMSI PDCCH associated to the second SSB in a slot starts at symbol 7
It can be observed that there could be two problems.
· RMSI CORESET with two-symbol duration may collide with SSB (but it could be solved by handling of collision between PDCCH and SSB, i.e. UE does not assume PDCCH present in resource overlapping with SSB).
· RMSI PDSCH DMRS may collide with SSB.
Regarding the first problem, it is not an error case, since handling of collision between PDCCH and SSB is defined in R15, i.e. UE does not assume PDCCH present in resource overlapping with SSB. But it is true that resource of PDCCH is reduced. However, it seems not so critical since RMSI CORESET is about 20MHz bandwidth which seems enough, as shown in the following agreement.
	Agreement:
· The SCS for all SSBs and Coreset #0 on a carrier is always the same for operation of NR in unlicensed spectrum.
· CORESET #0 frequency domain resource configuration should be 48 RBs for 30KHz SCS and 96 RBs for 15KHz SCS.


Regarding the second problem, it seems to be solved or mitigated with some simple solutions as described in Section 4.2.
Option 2 provides the symmetric arrangement for RMSI PDCCH/PDSCH, as shown in the following figure.
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Figure 5: Option 2, if RMSI PDCCH associated to the second SSB in a slot starts at symbol 7
It is the benefit of Option 2 that CORESET with 2 symbols can be easily implemented. But the benefit of 2-symbol CORESET needs further identified, as mentioned above.
On the other hand, reusing the SSB pattern Case A and Case C may let UE reuse the algorithms of SSB detection in R15 as much as possible. Therefore, we slightly prefer Option 1 as SSB pattern in a slot.
Proposal 2: Support Option 1 as SSB pattern in a slot, i.e. SSBs are at symbols (2,3,4,5) and (8,9,10,11) in the slot, where symbol index starts at 0.

DRS for SA
In this section, we discuss the design of DRS for SA in NR-U.

RMSI PDCCH
Here, we only discuss “SSB/CORESET multiplexing pattern 1”, and we only discuss Option 1 as SSB pattern in a slot.

Slot-based RMSI PDCCH
M=1/2
In our view, RMSI PDCCH monitoring occasion associated to the second SSB can start at symbol 1, similar to the existing pattern, because “TDM of Type0-PDCCH and SSB similar to existing pattern 1” was agreed. The case where RMSI PDCCH monitoring occasion associated to the second SSB starts at symbol 1 is shown in the following figure.
[image: ]
Figure 6: RMSI PDCCH monitoring occasions staring from symbol 0 and 1
There are two RMSI PDCCH monitoring occasions per slot, i.e. M=1/2, in the above case.

M=1
Regarding M=1, because there is only one RMSI PDCCH monitoring occasion in a slot, the time span of RMSI PDCCH is twofold of that of SSBs. The following figure illustrates an example of RMSI PDCCH monitoring occasion when M=1, where the number of the actually transmitted SSBs is 4.
[image: ]
Figure 7: An example of RMSI PDCCH monitoring occasion when M=1
It can be observed that RMSI PDSCH has large number of symbols in the last two slots, which may be beneficial to reduce code rate of RMSI PDSCH and then improve performance of RMSI PDSCH reception. However, there could be another method to enlarge symbol number of RMSI PDSCH. 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 RMSI PDCCH and each corresponds to a SSB only.
[image: ]
Figure 8: An example of RMSI PDCCH monitoring occasion with one SSB per slot when M=1/2
In some companies, e.g. [4], one SSB per slot may have standard impact as well, which can be discussed further. Anyway, in our view, one SSB per slot can replace the case of M=1.

Half-slot-based RMSI PDCCH
M=1/2
The half-slot-based RMSI PDCCH monitoring occasion has been agreed in RAN1 Ad Hoc 1901 [5] with remaining issue of starting symbol 6 or 7. 
	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)


For half-slot-based RMSI PDCCH monitoring occasion, M is equal to 1/2.

Table
The table of multiplexing between SSB and RMSI PDCCH in time domain defined in Clause 13 in 38.213 can be slightly modified to support the above cases. The modified table is shown as follows.
Table 13-11: Parameters for PDCCH monitoring occasions for Type0-PDCCH common search space - SS/PBCH block and control resource set multiplexing pattern 1 and frequency range 1
	Index
	

	Number of search space sets per slot
	[image: ]
	First symbol index

	x
	0
	2
	1/2
	{0, if [image: ] is even}, {[image: ]=[1], if [image: ] is odd}

	x
	0
	2
	1/2
	{0, if [image: ] is even}, {7, if [image: ] is odd}

	x
	0
	2
	1/2
	{0, if [image: ] is even}, {6, if [image: ] is odd}

	…
	
	
	
	


From above discussion, we have the following proposal.
Proposal 3: RMSI PDCCH can be defined as follows, for SSB/CORESET multiplexing pattern 1, 
· RMSI PDCCH can be configured through the table of multiplexing between SSB and RMSI PDCCH in time domain defined in Clause 13 in 38.213.
· When M=1/2, starting symbol of RMSI PDCCH monitoring occasion associated to the second SSB can be indicated in the table, including symbol 1 (existing), 7 and 6.

RMSI PDSCH

RMSI PDSCH rate matching
As discussed above, RMSI PDCCH and be slot based or half-slot based, and both can make a “DRS unit” self-contained, i.e. inclusion SSB and RMSI PDCCH/PDSCH in a slot or a half-slot. As shown in the following figure, for slot-based RMSI PDCCH, a “DRS unit” is SSB and RMSI PDCCH in a slot, and for half-slot-based RMSI PDCCH, a “DRS unit” is SSB and RMSI PDCCH in a half-slot.
[image: ]
(a) A “DRS unit” is contained in a slot for slot-based RMSI PDCCH
[image: ]
(b) A “DRS unit” is contained in a half-slot for half-slot-based RMSI PDCCH
Figure 9: Example of “DRS unit” for slot-based RMSI PDCCH and half- slot-based RMSI PDCCH
It can be observed that a “DRS unit” is self-contained. So, 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 at initial access stage.
Therefore, we have the following proposal.
Proposal 4: In initial access stage, 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 10: 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 [6] to fix RMSI CORESET offset relative to SSB as 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 11: 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 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 be different from that in R15 NR. 
Observation 3: 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 [7] 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 4: 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 is not used in resource mapping. The following figure shows the “frequency-region level rate matching” for half-slot-based RMSI PDCCH.
[image: ]
Figure 12: 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 13: 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 5: 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 0 and “frequency-region level rate matching”.
Proposal 5: Regarding handling of RMSI PDSCH DMRS collision, the following options can be considered:
· Option-1: Fixing RMSI CORESET offset relative to SSB as 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.

TDRA for RMSI PDSCH
[bookmark: _GoBack]In our view, the “Default A” table defined in Clause 5.1.2.1.1 in 38.214 is more suitable for slot-based RMSI PDCCH. As the design principle of the “Default A” table, starting symbol of RMSI PDSCH is assumed flexible enough. However, flexibility of starting symbol may be not practical for half-slot-based RMSI PDSCH in NR-U. On the opposite, the flexibility of symbol duration may be addressed for half-slot-based RMSI PDSCH in NR-U, as the symbols in a half-slot should be used by RMSI PDSCH as much as possible to guarantee the performance of RMSI PDSCH. In some SSB patterns, RMSI PDSCH can occupy up to 5 or 6 symbols.
Proposal 6: Regarding TDRA for RMSI PDSCH for half-slot-based RMSI PDCCH, RMSI PDSCH may occupy 5 or 6 symbols.

CSI-RS within DRS
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 7: In NR-U SA, standardization impact of CSI-RS for CSI acquisition and channel tracking should be considered:
· LBT impact to CSI-RS configuration;
· Rate matching around CSI-RS for idle-mode UE.
· Multiplexing between SSB and CSI-RS.

DRS for NSA
In this section, we discuss the design of DRS for NSA in NR-U. In NSA, DRS will only contain SSB and CSI-RS, since RMSI is not necessary, similar as LTE LAA.

CSI-RS within DRS
Similar to NR-U SA deployment, in NR-U NSA deployment, from perspective of standardization impact, LBT impact to CSI-RS configuration and multiplexing between SSB and CSI-RS should be considered. But these two aspects can be defined similarly for both SA and NSA deployment.

Conclusion
In the contribution, we have the following proposals.
Proposal 1: The maximum duration of DRS transmission can be implicitly defined as the maximum time span of the transmitted SSBs, and duration of DRS transmission window can be implicitly defined as time span of all candidate SSB positions.
Proposal 2: Support Option 1 as SSB pattern in a slot, i.e. SSBs are at symbols (2,3,4,5) and (8,9,10,11) in the slot, where symbol index starts at 0.
Proposal 3: RMSI PDCCH can be defined as follows, for SSB/CORESET multiplexing pattern 1, 
· RMSI PDCCH can be configured through the table of multiplexing between SSB and RMSI PDCCH in time domain defined in Clause 13 in 38.213.
· When M=1/2, starting symbol of RMSI PDCCH monitoring occasion associated to the second SSB can be indicated in the table, including symbol 1 (existing), 7 and 6.
Proposal 4: In initial access stage, 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 5: Regarding handling of RMSI PDSCH DMRS collision, the following options can be considered:
· Option-1: Fixing RMSI CORESET offset relative to SSB as 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 6: Regarding TDRA for RMSI PDSCH for half-slot-based RMSI PDCCH, RMSI PDSCH may occupy 5 or 6 symbols.
Proposal 7: In NR-U SA, standardization impact of CSI-RS for CSI acquisition and channel tracking 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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