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Introduction
In this contribution, we provide some discussion on remaining issues on multi-TRP enhancement including remaining details for single-DCI mode and multi-DCI mode.
Single DCI mode
QCL restriction of PDSCH and SSB
In Rel-15, it is defined that gNB should ensure the QCL for PDSCH and SSB when they are multiplexed in the same symbol as follows.
---------------------------------------- start of section 5.1.6.2 of 38.214 --------------------------------------------- 
If the UE receives the DM-RS for PDSCH and an SS/PBCH block in the same OFDM symbol(s), then the UE may assume that the DM-RS and SS/PBCH block are quasi co-located with 'QCL-TypeD', if 'QCL-TypeD' is applicable. Furthermore, the UE shall not expect to receive DM-RS in resource elements that overlap with those of the SS/PBCH block, and the UE can expect that the same or different subcarrier spacing is configured for the DM-RS and SS/PBCH block in a CC except for the case of 240 kHz where only different subcarrier spacing is supported.
---------------------------------------- end of section 5.1.6.2 of 38.214 --------------------------------------------- 
For multi-TRP operation, DMRS of PDSCH would have two different QCL properties. Therefore, this restriction should be modified, where gNB should ensure the QCL for at least one PDSCH and the SSB should be the same. 
Proposal 1: Adopt the following TP for 38.214 to clarify the QCL restriction for SSB and PDSCH
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[bookmark: _Hlk508018029][bookmark: _Hlk508638941]<unrelated part omitted>
If the UE receives the DM-RS for PDSCH and an SS/PBCH block in the same OFDM symbol(s), then the UE may assume that the at least one DM-RS port and SS/PBCH block are quasi co-located with 'QCL-TypeD', if 'QCL-TypeD' is applicable. Furthermore, the UE shall not expect to receive DM-RS in resource elements that overlap with those of the SS/PBCH block, and the UE can expect that the same or different subcarrier spacing is configured for the DM-RS and SS/PBCH block in a CC except for the case of 240 kHz where only different subcarrier spacing is supported.

<unrelated part omitted>




Multi-DCI mode
Radio link monitoring impact

For multi-DCI mode, the maximum number of CORESETs has been increased from 3 to 5. However, for FR1, based on current 38.213, the maximum number of RS for RLM is 4 according to Table 1 below, where indicates the maximum number of RS configured for RLM.



Table 3-1:  and  as a function of maximum number  of SS/PBCH blocks per half frame
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	2
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So current rule for RLM RS selection should also be applicable to the case of Lmax = 8.
Proposal 2: Adopt the following TP for 38.213 on RLM RS selection when Lmax = 8
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<unrelated part omitted>

If the UE is not provided RadioLinkMonitoringRS and the UE is provided for PDCCH receptions TCI states that include one or more of a CSI-RS
-	the UE uses for radio link monitoring the RS provided for the active TCI state for PDCCH reception if the active TCI state for PDCCH reception includes only one RS
-	if the active TCI state for PDCCH reception includes two RS, the UE expects that one RS has QCL-TypeD [6, TS 38.214] and the UE uses the RS with QCL-TypeD for radio link monitoring; the UE does not expect both RS to have QCL-TypeD
-	the UE is not required to use for radio link monitoring an aperiodic or semi-persistent RS
-	For [image: ] and Lmax = 8, the UE selects the [image: ] RS provided for active TCI states for PDCCH receptions in CORESETs associated with the search space sets in an order from the shortest monitoring periodicity. If more than one CORESETs are associated with search space sets having same monitoring periodicity, the UE determines the order of the CORESET from the highest CORESET index as described in Clause 10.1.



URLLC related HARQ-ACK PUCCH enhancement
In Rel-15, a UE is not expected to transmit two HARQ-ACK PUCCH in the same slot. As part of Rel-16 Multi-DCI based Multi-TRP enhancement, separate HARQ-ACK PUCCH within a slot for different TRPs is supported in which UE can be configured to transmit two HARQ-ACK PUCCH in TDM way in the same slot. Correspondingly, FG16-2a-4 is agreed to indicate whether UE supports separate HARQ-ACK PUCCH for Multi-DCI based Multi-TRP operation with candidate values of bitmap {LongAndLong, LongAndShort, ShortAndShort} for the supported combinations of long/short PUCCH formats within a slot.
At the same time, Rel-16 URLLC enhancement agreed on sub-slot based HARQ-ACK feedback, where there can be one HARQ-ACK PUCCH per sub-slot. With this feature, the UE can support up to 2 or 7 HARQ-ACK PUCCHs per slot. Consequently, UE capability is designed to indicate whether UE supports sub-slot based HARQ-ACK feedback procedure, including FG11-3, FG11-3c/d/e/f, etc.
There was no discussion whether UE should support Multi-DCI based Multi-TRP operation (with separate HARQ-ACK feedback) with sub-slot based HARQ-ACK feedback since these two features were designed independently by two different groups. As results, this is an unclear area without explicitly UE capability indication. If these two features can be used together, the UE would be required to support two HARQ-ACK PUCCHs within each sub-slot, which is not covered by any of the existing UE FGs.
Two resolves the issues, in our view, there are two alternative
· Alt 1: Introduce UE capability to indicate whether UE supports sub-slot based HARQ-ACK PUCCH when Multi-DCI based Multi-TRP operation is configured 
· Alt 2: When UE is configured with Multi-DCI based Multi-TRP operation, the UE is not expected to be configured with sub-slot based HARQ-ACK PUCCH
In summary, we have the following proposal
Proposal 3: In terms of whether UE supports sub-slot based HARQ-ACK PUCCH when UE is configured with Multi-DCI based Multi-TRP operation, adopt one of the following solutions 
· Alt 1: Introduce UE capability to indicate whether UE supports sub-slot based HARQ-ACK PUCCH when Multi-DCI based Multi-TRP operation is configured 
· Alt 2: When UE is configured with Multi-DCI based Multi-TRP operation, the UE is not expected to be configured with sub-slot based HARQ-ACK PUCCH. TP to 38.213 as follows
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<unchanged part omitted>
In the remaining of this Clause, if a UE is provided subslotLengthForPUCCH-r16, a slot for an associated PUCCH transmission includes a number of symbols indicated by subslotLengthForPUCCH-r16.

If, for an active DL BWP of a serving cell, the UE is not provided CORESETPoolIndex or is provided CORESETPoolIndex with value 0 for one or more first CORESETs and is provided CORESETPoolIndex with value 1 for one or more second CORESETs, the UE is not expected to be configured with subslotLengthForPUCCH-r16 in any PUCCH-Config of the active UL BWP.
<unchanged part omitted>



Furthermore, Rel-16 URLLC enhancement allows two HARQ-ACK codebooks to be configured with different priorities with corresponding UE capability FG11-4 and FG11-4a. It has not been discussed whether Multi-TRP Multi-DCI supports two HARQ-ACK codebooks with different priorities, especially when UE supports and is configured with ACKNACKFeedbackMode = SeparateFeedback. More importantly, the corresponding UE capability was not discussed during the Rel-16 UE feature discussion. If these two features can be used together, the UE would be required to support up to 4 HARQ-ACK PUCCHs in a slot, which is not covered by any of the existing UE FGs. In order to resolve the issue, we have the following proposal:
Proposal 4: In terms of whether UE supports two HARQ-ACK codebooks with different priorities when UE is configured with Multi-DCI based Multi-TRP operation, adopt one of the following solutions 
· Alt 1: Introduce UE capability to indicate whether UE supports two HARQ-ACK codebooks with different priorities when Multi-DCI based Multi-TRP operation is configured 
· Alt 2: When UE is configured with Multi-DCI based Multi-TRP operation, the UE is not expected to be configured with two HARQ-ACK codebooks with different priorities. TP to 38.213 as follows
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If a UE is provided pdsch-HARQ-ACK-Codebook-List, the UE can be indicated by pdsch-HARQ-ACK-Codebook-List to generate one or two HARQ-ACK codebooks. If the UE is indicated to generate one HARQ-ACK codebook, the HARQ-ACK codebook is associated with a PUCCH of priority index 0. If a UE is provided pdsch-HARQ-ACK-Codebook-List, the UE multiplexes in a same HARQ-ACK codebook only HARQ-ACK information associated with a same priority index. If the UE is indicated to generate two HARQ-ACK codebooks
-	a first HARQ-ACK codebook is associated with a PUCCH of priority index 0 and a second HARQ-ACK codebook is associated with a PUCCH of priority index 1
-	the UE is provided first and second for each of {PUCCH-Config, UCI-OnPUSCH, PDSCH-codeBlockGroupTransmission} by {PUCCHConfigurationList, UCI-OnPUSCH-List, PDSCH-CodeBlockGroupTransmission-List}, respectively, for use with the first and second HARQ-ACK codebooks, respectively

If, for an active DL BWP of a serving cell, the UE is not provided CORESETPoolIndex or is provided CORESETPoolIndex with value 0 for one or more first CORESETs and is provided CORESETPoolIndex with value 1 for one or more second CORESETs, the UE is not expected to be configured to generate two HARQ-ACK codebooks.

<unchanged part omitted>



For proposals 3 and proposal 4, we have a preference of Alt 2, not supporting the simultaneous configurations of multi-DCI based multi-TRP operation and sub-slot-based HARQ-ACK feedback/two HARQ-ACK codebooks in Rel-16 for simplicity.
· We are at a late stage of Rel-16 maintenance, and the UE features are frozen already (even though new FG can still be added if necessary). Defining new FGs according to Alt 1 may not be very straightforward, because we have FG 11-3c/d/e/f and FG 11-4c/d/e/f/g/h that define the PUCCH capabilities (numbers and format combinations) for eURLLC features, and short/long PUCCH combinations defined in FG 16-2a-4. Careful investigation would be required to go through the list and identify the valid overall combinations. 
· Multi-DCI based multi-TRP operation was designed for eMBB, not URLLC. The consequence of not allowing joint operation of the features is that multi-DCI based multi-TRP operation may not be used for eMBB traffic when a UE has mixed eMBB/URLLC traffic. So the impact is relatively limited.
HARQ retransmission restriction 
For multi-DCI multi-TRP operation, one of the most feasible UE implementation is to use CA architecture to support multi-DCI multi-TRP, i.e., PDSCH reception of each TRP is handled by independent CC. Current multi-DCI multi-TRP design allows the HARQ retransmission to be scheduled by a different TRP, i.e., CORESETPoolIndex. In NR CA, there is no requirement, or the gNB is not allowed to schedule HARQ reception in one CC that is a retransmission of the HARQ process in another CC. In other words, in the current NR-CA operation/implementation, UE is not expected to combine HARQ processes from two different CCs to decode a TB. Figure below further illustrates the problem 

[image: ]
Figure 1 multi-DCI multi-TRP HARQ trasnmission scheduled by different TRP
As an example illustrated in Figure 1, for HARQ process X, initially TRP0 (CORESETPoolIndex = 0) schedules a new transmission. Later, for the same HARQ process X, TRP1 (CORESETPoolIndex = 1) schedules a retransmission by indicating the same HARQ process ID and the same NDI. When UE uses CA architecture to support multi-DCI multi-TRP, this requires UE to obtain the LLR buffer from TRP0 (CC0) to be used for combining for the PDSCH processing in TRP1 (CC1) which is never required in the current CA design. This can put unnecessary complexity on the UE implementation especially considering the amount of LLR buffer needed to be exchanged between different CCs at high data rate. 

Based on the above explanation, it is important that, at least for some UE that is capable of multi-DCI multi-TRP, we do not mandate UE to support HARQ retransmission scheduled by different TRP. In terms of the detailed solution, we are very flexible, either (1) introduce as new, or existing, UE capability or (2) modifying the specification 

Proposal 5: At least, for some UEs that support multi-DCI multi-TRP, those UEs are not mandated to support PDSCH retransmission scheduled by a different TRP. Detailed solutions can be further discussed, including
· Introduce a new or reuse existing UE capability
· Modifying the specification 
Conclusion
In this contribution, we discussed the remaining issues for multi-TRP enhancement. Based on the discussion, the following proposals have been made:
Proposal 1: Adopt the following TP for 38.214 to clarify the QCL restriction for SSB and PDSCH
	5.1.6.2	DM-RS reception procedure
<unrelated part omitted>
If the UE receives the DM-RS for PDSCH and an SS/PBCH block in the same OFDM symbol(s), then the UE may assume that the at least one DM-RS port and SS/PBCH block are quasi co-located with 'QCL-TypeD', if 'QCL-TypeD' is applicable. Furthermore, the UE shall not expect to receive DM-RS in resource elements that overlap with those of the SS/PBCH block, and the UE can expect that the same or different subcarrier spacing is configured for the DM-RS and SS/PBCH block in a CC except for the case of 240 kHz where only different subcarrier spacing is supported.

<unrelated part omitted>



Proposal 2: Adopt the following TP for 38.213 on RLM RS selection when Lmax = 8
	5	Radio link monitoring
<unrelated part omitted>

If the UE is not provided RadioLinkMonitoringRS and the UE is provided for PDCCH receptions TCI states that include one or more of a CSI-RS
-	the UE uses for radio link monitoring the RS provided for the active TCI state for PDCCH reception if the active TCI state for PDCCH reception includes only one RS
-	if the active TCI state for PDCCH reception includes two RS, the UE expects that one RS has QCL-TypeD [6, TS 38.214] and the UE uses the RS with QCL-TypeD for radio link monitoring; the UE does not expect both RS to have QCL-TypeD
-	the UE is not required to use for radio link monitoring an aperiodic or semi-persistent RS
-	For [image: ] and Lmax = 8, the UE selects the [image: ] RS provided for active TCI states for PDCCH receptions in CORESETs associated with the search space sets in an order from the shortest monitoring periodicity. If more than one CORESETs are associated with search space sets having same monitoring periodicity, the UE determines the order of the CORESET from the highest CORESET index as described in Clause 10.1.



Proposal 3: In terms of whether UE supports sub-slot based HARQ-ACK PUCCH when UE is configured with Multi-DCI based Multi-TRP operation, adopt one of the following solutions 
· Alt 1: Introduce UE capability to indicate whether UE supports sub-slot based HARQ-ACK PUCCH when Multi-DCI based Multi-TRP operation is configured 
· Alt 2: When UE is configured with Multi-DCI based Multi-TRP operation, the UE is not expected to be configured with sub-slot based HARQ-ACK PUCCH. TP to 38.213 as follows
	9	UE procedure for reporting control information
<unchanged part omitted>
In the remaining of this Clause, if a UE is provided subslotLengthForPUCCH-r16, a slot for an associated PUCCH transmission includes a number of symbols indicated by subslotLengthForPUCCH-r16.

If, for an active DL BWP of a serving cell, the UE is not provided CORESETPoolIndex or is provided CORESETPoolIndex with value 0 for one or more first CORESETs and is provided CORESETPoolIndex with value 1 for one or more second CORESETs, the UE is not expected to be configured with subslotLengthForPUCCH-r16 in any PUCCH-Config of the active UL BWP.
<unchanged part omitted>



Proposal 4: In terms of whether UE supports two HARQ-ACK codebooks with different priorities when UE is configured with Multi-DCI based Multi-TRP operation, adopt one of the following solutions 
· Alt 1: Introduce UE capability to indicate whether UE supports two HARQ-ACK codebooks with different priorities when Multi-DCI based Multi-TRP operation is configured 
· Alt 2: When UE is configured with Multi-DCI based Multi-TRP operation, the UE is not expected to be configured with two HARQ-ACK codebooks with different priorities. TP to 38.213 as follows
	9.1	HARQ-ACK codebook determination
If a UE is provided pdsch-HARQ-ACK-Codebook-List, the UE can be indicated by pdsch-HARQ-ACK-Codebook-List to generate one or two HARQ-ACK codebooks. If the UE is indicated to generate one HARQ-ACK codebook, the HARQ-ACK codebook is associated with a PUCCH of priority index 0. If a UE is provided pdsch-HARQ-ACK-Codebook-List, the UE multiplexes in a same HARQ-ACK codebook only HARQ-ACK information associated with a same priority index. If the UE is indicated to generate two HARQ-ACK codebooks
-	a first HARQ-ACK codebook is associated with a PUCCH of priority index 0 and a second HARQ-ACK codebook is associated with a PUCCH of priority index 1
-	the UE is provided first and second for each of {PUCCH-Config, UCI-OnPUSCH, PDSCH-codeBlockGroupTransmission} by {PUCCHConfigurationList, UCI-OnPUSCH-List, PDSCH-CodeBlockGroupTransmission-List}, respectively, for use with the first and second HARQ-ACK codebooks, respectively

If, for an active DL BWP of a serving cell, the UE is not provided CORESETPoolIndex or is provided CORESETPoolIndex with value 0 for one or more first CORESETs and is provided CORESETPoolIndex with value 1 for one or more second CORESETs, the UE is not expected to be configured to generate two HARQ-ACK codebooks.

<unchanged part omitted>



Proposal 5: At least, for some UEs that support multi-DCI multi-TRP, those UEs are not mandated to support PDSCH retransmission scheduled by a different TRP. Detailed solutions can be further discussed, including
· Introduce a new or reuse existing UE capability
· Modifying the specification 
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