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1. Introduction
The Rel-18 WI MIMO Evolution for Downlink and Uplink was approved in [1] and further revised in [2]. In previous RAN4 meeting, the impacts on RRM requirements were initially discussed with agreements captured in [3][4][5][6][7]. In this contribution, we provide our views on potential RRM impacts of extension of unified TCI framework to MTRP.
2. Discussion
2.1 General
In last meeting, requirements related to multi-Rx were discussed with following agreements. Thus, in this WI, it is assumed that no simultaneous reception/transmission in FR2.
	Issue 4-1-1: For eUTCI, whether to support simultaneous reception in mTRP scenarios in FR2?
Agreement: 
· RAN4 not specify the requirements for eUTCI with simultaneous reception in DL in FR2 in Rel-18

Issue 4-1-2: Whether to introduce RRM requirements for eUTCI if UE can support sTxMP?
Agreement:
· Not specify requirements for eUTCI with simultaneous UL transmission with multi-panels in Rel-18




Another essential issue is about the enhancement about RTD larger than CP. It is agreed that for mDCI and 2 TA, UE can support RTD larger than CP where the maximum RTD is same as that of inter-band CA.
The requirements for RTD>CP are still pending in last meeting. In general, we would like to clarify the scope of the scenario of this feature to limit the work scope considering that the WI is about to be completed. From our understanding, technically UE shall have separate FFT window to support RTD>CP. However, for FR2 the Rx beam shall also be considered. If UE can not support multi-Rx, it means NW can only schedule the UE in TDM manner. However, considering that the RTD could be up to 8 us, to avoid colliding/overlapping from different TRPs, NW has to waste some symbols (1~2) in FR2. It doesn't not bring much performance gain compared with sTRP case. For UE capable of multi-Rx, it is more desirable for UE supporting RTD>CP, which can improve the system throughput in more scenarios.
Observation 1: For RTD>CP in FR2, the promising scenario is for UE supporting multi-Rx at the same time.
However, according to the agreement reached in last meeting, companies have concerns on combining R18 MIMO and R18 Multi-Rx together. From our understanding, at least FR1 can be shall be supported in this Release, since there is no beam issue.
Observation 2: There is no constrains for UE supporting RTD>CP in FR1 compared with FR2.
Proposal 1: Define requirements for UE supporting RTD>CP at least for FR1.
Regarding the scope of requirements, during the discussion in last meeting, companies raised that the issue whether current requirements can apply to mTRP scenario. For RTD<CP, it was agreed that L1-RSRP requirements in 9.5 and 9.13 can be reused.
	Issue 4-1-3: For mDCI mTRP, how to specify RRM requirements for eUTCI if UE cannot support simultaneous DL reception in FR2? 
Agreement: 
For mDCI mTRP, RRM requiements: eUTCI if UE cannot support simultaneous DL reception in FR2?
· For UEs doesn’t have the capability of supporting two TAs, Rel-17 unified TCI state switching requirements are applicable for each TCI state associated with coresetPoolIndex independently
· For UEs has the capability of supporting two TAs and not capable to support RTD > CP Rel-17 unified TCI state switching requirements are applicable for each TCI state associated with coresetPoolIndex independently
· FFS on requirement if the SSB are overlapped or adjacent. 
· If the RTD is less than CP, reuse L1-RSRP in 9.5 for serving cell and 9.13 for additionalPCI.
· FFS on requirements for UEs with capability of supporting two TAs and capable to support RTD > CP




Observation 3: For mTRP when RTD is less than CP, L1-RSRP in 9.5 and 9.13 can be reused.
Besides, one thing to be clarified is that the RTD>CP is discussed with uTCI switching requirements. However, the feature is not bundled with uTCI, instead it is introduced with mDCI with 2 TA. Based on current requirements, it seems that legacy requirements for L1-RSRP + uTCI state switching requirement can apply to mTRP mDCI. One may notice that legacy TCI state switching requirements shall also apply based on the same principle as L1-RSRP.
Thus, for mTRP and RTD less than CP, legacy active TCI state switching requirements can apply. 
Proposal 2: For mTRP and RTD less than CP, L1-RSRP in 9.5 for serving cell and 9.13 for additionalPCI and TCI state switching requirements in 8.10 can be reused.
Then, based on proposal 2, for mDCI and RTD less than CP, Rel-17 unified TCI state switching requirements are applicable for each TCI state associated with coresetPoolIndex independently. One FFS point is when the SSB are overlapped or adjacent. The issue also comes from the beam sweeping in FR2. Thus, the delay shall be extended that one additional SSB period is needed,
Proposal 3: For mTRP mDCI and RTD less than CP, Rel-17 unified TCI state switching requirements are applicable for each TCI state associated with coresetPoolIndex independently. For FR2 when SSB are overlapped or adjacent, delay shall be extended that one additional SSB period is needed.
For mTRP mDCI when RTD is larger than CP, as analysed above for proposal 1, at least for FR1, Rel-17 unified TCI state switching requirements are applicable for each TCI state associated with coresetPoolIndex independently.
Proposal 4: For mTRP mDCI when RTD is larger than CP in FR1, Rel-17 unified TCI state switching requirements are applicable for each TCI state associated with coresetPoolIndex independently.
Proposal 5: For mTRP mDCI when RTD is larger than CP in FR1, L1-RSRP in 9.5 for serving cell and 9.13 for additionalPCI and TCI state switching requirements in 8.10 can be reused.
For sDCI TCI state switching requirements, one remaining issue is whether to define additional requirements if UE received PDSCH from single TRP for case 2 (one known and one unknow). From our understanding, though case 2 may be corner case in the real scenario, we would like to show more analyse about RAN1 design for this feature. The related RAN1 agreements are summarized as follows:
	Agreement
On unified TCI framework extension for S-DCI based MTRP, a DCI field in DCI format 1_1/1_2 that schedules/activates PDSCH reception is used to determine which one or both of the indicated joint/DL TCI states shall be applied to the scheduled/activated PDSCH reception
· The presence of the DCI field is configurable by RRC; when the DCI field is not present in DCI format 1_1/1_2, the UE shall apply the default indicated joint/DL TCI state(s) to PDSCH reception
· FFS: Details on the default indicated joint/DL TCI state(s) to PDSCH reception
· FFS: The DCI field is a new indicator field or an existing field (e.g., the existing TCI field)
· FFS: Regardless the DCI field is present or not present, how to apply the indicated joint/DL TCI state(s) to PDSCH reception if the offset between the reception of the DCI format 1_1/1_2 and the corresponding PDSCH reception is less than a threshold 
FFS: How to apply the indicated joint/DL TCI state(s) to PDSCH reception scheduled/activated by DCI format 1_0.
Above applies for the case where PDSCHs scheduled by the same DCI.

Agreement
On unified TCI framework extension for S-DCI based MTRP, a new indicator field is supported as the DCI field in DCI format 1_1/1_2 that schedules/activates PDSCH reception to determine which one or both of the indicated joint/DL TCI states shall be applied to the scheduled/activated PDSCH reception
FFS: Detail design of the new indicator field

Agreement 
On unified TCI framework extension for S-DCI based MTRP, a 2-bit [TCI selection field] can be configured by RRC to be present in a DCI format 1_1/1_2 that schedules/activates PDSCH reception (including dynamic PDSCH and SPS PDSCH) according to the followings:
· If the DCI format 1_1/1_2 indicates codepoint "00" for the [TCI selection field], the UE shall apply the first one of two indicated joint/DL TCI states to all PDSCH DMRS port(s) of corresponding PDSCH transmission occasions(s) scheduled/activated by the DCI format 1_1/1_2
· If the DCI format 1_1/1_2 indicates codepoint "01" for the [TCI selection field], the UE shall apply the second one of two indicated joint/DL TCI states to all PDSCH DMRS port(s) of corresponding PDSCH transmission occasions(s) scheduled/activated by the DCI format 1_1/1_2
· If the DCI format 1_1/1_2 indicates codepoint "10" for the [TCI selection field], the UE shall apply both indicated joint/DL TCI states to the PDSCH reception scheduled/activated by the DCI format 1_1/1_2
· FFS: Whether and how to use the codepoint "11" of the [TCI selection field]
If the UE is in FR1, or the UE supports the capability of two default beams for S-DCI based MTRP in FR2 regardless of threshold, above apply to PDSCH reception(s) scheduled/activated by the DCI format 1_1/1_2. 
· Note: If the UE supports the capability of two default beams for S-DCI based MTRP in FR2, UE uses both indicated joint/DL TCI states to buffer the received signal before a threshold.
If the UE doesn’t support the capability of two default beams for S-DCI based MTRP in FR2, above apply to the scheduled/activated PDSCH reception when the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception is equal to or larger than a threshold
· FFS: How to apply the indicated joint/DL TCI state(s) to the scheduled/activated PDSCH reception if the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception is less than a threshold in FR2
FFS: Detail of the capability of two default beams for S-DCI based MTRP 
FFS: The threshold value

Agreement(RAN1#113)
On unified TCI framework extension for S-DCI based MTRP, for PDSCH reception scheduled/activated by DCI format 1_1/1_2 configured w/o the [TCI selection field], the UE shall apply both indicated joint/DL TCI states to the scheduled/activated PDSCH reception
· If the UE is in FR1, or the UE supports the capability of two default beams for S-DCI based MTRP in FR2, above applies regardless of the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception.
· If the UE doesn’t support the capability of two default beams for S-DCI based MTRP in FR2, above applies when the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception is equal to or larger than a threshold.

Agreement(RAN1#113)
On unified TCI framework extension for S-DCI based MTRP, when a 2-bit [TCI selection field] is configured by RRC to be present in a DCI format 1_1/1_2 in a DL BWP:
· If the DCI format 1_1/1_2 indicates codepoint "10" for the [TCI selection field], the UE shall apply both indicated joint/DL TCI states to PDSCH reception scheduled/activated by the DCI format 1_1/1_2 based on the Rel-16 rules for mapping legacy TCI states to PDSCH transmission occasions, CDM groups, or non-overlapping frequency domain resource allocations by replacing the first and the second indicated legacy TCI states with the first and the second indicated joint/DL TCI states, respectively.
· The codepoint "11" of the [TCI selection field] is reserved.
Agreement(RAN1#113)
On unified TCI framework extension for S-DCI based MTRP, the following two alternatives are supported for PDSCH-CJT applying both indicated joint TCI states (if the UE supports two indicated joint/DL states for PDSCH-CJT):
· Alt1: PDSCH DMRS port(s) is QCLed with the DL RSs of both indicated joint TCI states with respect to QCL-TypeA
· Alt2: PDSCH DMRS port(s) is QCLed with the DL RSs of both indicated joint TCI states with respect to QCL-TypeA except for QCL parameters {Doppler shift, Doppler spread} of the second indicated joint TCI state
Introduce a UE capability on which alternative(s) is supported, and either one of above alternatives can be configured by RRC according to the UE capability.
Agreement(RAN1#113)
On unified TCI framework extension for S-DCI based MTRP, support the following:
· Using RRC configuration to indicate whether the first, second, or both of the indicated joint/DL TCI states is/are applied to PDSCH reception scheduled/activated by DCI format 1_0
· If not configured, the first indicated joint/DL TCI state is applied
· Only when the UE is configured with PDSCH-CJT and the UE supports two joint TCI states for PDSCH-CJT or the UE is configured with PDSCH-SFN, the RRC configuration can indicate both indicated joint/DL TCI states are applied.
· For PDSCH-CJT and PDSCH-SFN, if the RRC configuration indicates both indicated joint/DL TCI states are applied, the UE shall apply both indicated joint/DL TCI states to PDSCH reception scheduled/activated by DCI format 1_0 on a search space other than Type0/0A/2 CSS on CORESET#0 (FFS: Other search space and/or CORESETs)
If the UE is in FR1, or the UE supports the capability of two default beams for S-DCI based MTRP in FR2, above applies regardless of the offset between the reception of the scheduling DCI format 1_0 and the scheduled/activated PDSCH reception.
If the UE doesn’t support the capability of two default beams for S-DCI based MTRP in FR2, above applies when the offset between the reception of the scheduling DCI format 1_0 and the scheduled/activated PDSCH reception is equal to or larger than a threshold.
Agreement(RAN4#113)
On unified TCI framework extension for S-DCI based MTRP, if the UE doesn’t support the capability of two default beams for S-DCI based MTRP in FR2:
When the offset between the reception of the scheduling/activation DCI format 1_0/1_1/1_2 and the scheduled/activated PDSCH reception is less than a threshold in FR2, the UE shall apply the first indicated joint/DL TCI state to the scheduled/activated PDSCH reception



Based on above, it could be observed that RAN1 add another layer of indication to indicate whether to apply one of or both TCI states, as summarized in following table.

Table I. uTCI for sDCI PDSCH
	DCI format
	With/without TCI selection field
	TCI state application

	1_1/1_2
	“00”
	apply the first one of two indicated joint/DL TCI states

	
	“01”
	apply the second one of two indicated joint/DL TCI states

	
	“10”
	apply both indicated joint/DL TCI states

	
	w/o
	apply both indicated joint/DL TCI states

	1_0
	RRC configuration
	apply first, second, or both of the indicated joint/DL TCI states
Note: “both” only apply to UE supports two joint TCI states for PDSCH-CJT or the UE is configured with PDSCH-SFN

	
	w/o RRC configuration
	apply the first one of two indicated joint/DL TCI states



Then for MAC CE based TCI state switching, it is for the case only one TCI pair are indicated in the MAC CE. From our understanding, the procedure could be illustrated in following Figure. In following figure, MAC CE indicate uTCI (TCI#1, TCI#2) to the UE, and one of the TCI state is known to UE and UE only needs to perform time tracking with one SSB. For the other TCI state which is unknown, UE needs to perform L1-RSRP with at least 8 SSBs. Then for this case, technically UE can be scheduled with TCI state#1 with TCI states selection filed “00” to apply the first TCI at point A. And UE can be scheduled with TCI#2 at point B with TCI states selection filed “01”. But if the requirements are defined jointly, UE can only be scheduled after point B even for TCI state#1.
[image: ]
Fig. 1 sDCI mTRP 
However, as mentioned above, case 2 may be a corner case to be considered. We do not have too strong views to defined requirements for this scenario. If there is consensus on considering the particular case, there is not much additional specification impacts. R17 uTCI state requirements can apply for each uTCI state separately. 
Proposal 6: For sDCI MAC CE based TCI state switching case 2, R17 uTCI state requirements can apply for each uTCI state separately. 

3. Conclusions

Observation 1: For RTD>CP in FR2, the promising scenario is for UE supporting multi-Rx at the same time.
Observation 2: There is no constrains for UE supporting RTD>CP in FR1 compared with FR2.
Proposal 1: Define requirements for UE supporting RTD>CP at least for FR1.
Observation 3: For mTRP when RTD is less than CP, L1-RSRP in 9.5 and 9.13 can be reused.
Proposal 2: For mTRP and RTD less than CP, L1-RSRP in 9.5 for serving cell and 9.13 for additionalPCI and TCI state switching requirements in 8.10 can be reused.
Proposal 3: For mTRP mDCI and RTD less than CP, Rel-17 unified TCI state switching requirements are applicable for each TCI state associated with coresetPoolIndex independently. For FR2 when SSB are overlapped or adjacent, delay shall be extended that one additional SSB period is needed.
Proposal 4: For mTRP mDCI when RTD is larger than CP in FR1, Rel-17 unified TCI state switching requirements are applicable for each TCI state associated with coresetPoolIndex independently.
Proposal 5: For mTRP mDCI when RTD is larger than CP in FR1, L1-RSRP in 9.5 for serving cell and 9.13 for additionalPCI and TCI state switching requirements in 8.10 can be reused.
Proposal 6: For sDCI MAC CE based TCI state switching case 2, R17 uTCI state requirements can apply for each uTCI state separately. 
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