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1. Introduction
In RAN #80 meeting, the new WID [1] for NR MIMO in Rel-17 was agreed and the objectives of enhancement on multi-TRP/multi-panel transmission are described as:
2.
Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:

a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
In RAN1#102-e meeting, several agreements were made mainly on multi-TRP based PDCCH/PUCCH/PUSCH. In this contribution, we further discuss the related details under each category and make some proposals.
2. Enhancement on PDCCH

In RAN1 #102-e meeting [2], following agreement was achieved on configuring a PDCCH with two TCI states.
	Agreement
To enable a PDCCH transmission with two TCI states, study pros and cons of the following alternatives:
· Alt 1: One CORESET with two active TCI states
· Alt 2: One SS set associated with two different CORESETs
· Alt 3: Two SS sets associated with corresponding CORESETs
· At least the following aspects can be considered: multiplexing schemes (TDM / FDM/ SFN / combined schemes), BD/CCE limits, overbooking, CCE-REG mapping, PDCCH candidate CCEs (i.e. hashing function), CORESET / SS set configurations, and other procedural impacts.
Agreement
For Alt 1 (one CORESET with two active TCI states), study the following 
· Alt 1-1: One PDCCH candidate (in a given SS set) is associated with both TCI states of the CORESET.

· Alt 1-2: Two sets of PDCCH candidates (in a given SS set) are associated with the two TCI states of the CORESET, respectively 

· Alt 1-3: Two sets of PDCCH candidates are associated with two corresponding SS sets, where both SS sets are associated with the CORESET and each SS set is associated with only one TCI state of the CORESET 

· Note 1: A set of PDCCH candidates contain a single or multiple PDCCH candidates, and a PDCCH candidate in a set corresponds to a repetition or chance

· Note 2: How one or more PDCCH candidates are counted for monitoring (for BD limit) is FFS 

· The note is applicable also to other alternatives 


Regarding one CORESET with two active TCI states, if two search space sets are associated with one CORESET and the CORESET is associated with two TCI states, each search space set is associated with only one TCI state of the CORESET. Therefore, each search space set can be configured with different TCI state. In this way, a TCI state is configured in the search space set level instead of the PDCCH candidate level. This approach may have smaller specification impact. Therefore, for one CORESET with two active TCI states, Alt 1-3 is preferred.
Proposal 1: For one CORESET with two active TCI states, Alt 1-3 is preferred.
3. Enhancement on PUCCH

3.1. Indication of the number of PUCCH repetitions

In RAN1 #102-e meeting [2], following agreement was achieved on indication of the number of PUCCH repetitions.
	Agreement

For configuration/indication of the number of PUCCH repetitions, RAN1 shall further study the following,  

· Alt.1: Use Rel-15 like framework

· Alt.2: Dynamic indication of the number of PUCCH repetitions 


Regarding the method to signal the number of repetitions, number of repetitions configured by higher layer may not be suitable for different scenarios, especially when the channel changes dynamically. For dynamic indication of the number of PUCCH repetitions, Alt.2 is beneficial to adapt to the variation of UE channel. 
To support the dynamic indication of the number, adding a field in DCI is a straightforward way. However, this will enlarge the size of DCI. MAC CE can be a feasible method to indicate the number of PUCCH repetitions. For example, by adding several bits in the PUCCH spatial relation activation/deactivation MAC CE, the MAC CE is enhanced to indicate the number of PUCCH repetitions. For another example, a new MAC CE is designed to indicate the number of PUCCH repetitions.
Proposal 2: Alt.2 is supported and MAC CE can be a feasible method to indicate the number of PUCCH repetitions.
3.2. PUCCH spatial relation info
In RAN1 #102-e meeting [2], following agreement was made on configuration/activation of PUCCH spatial relation info.
	Agreement

To enable TDMed PUCCH transmission with different beams, support configuring/activating of multiple PUCCH Spatial Relation Info. RAN1 shall further study the exact schemes considering the following aspects, 

· Method of configuration/activation of multiple spatial relation info

· Use of the same PUCCH resource or different PUCCH resource for PUCCH transmission 

· Mapping between PUCCH repetition/symbol and spatial relation info among multiple PUCCH repetitions / multiple PUCCH symbols.


For PUCCH in multi-TRP scenario, PUCCH repetitions are transmitted towards different TRPs and the spatial relation of each PUCCH repetition should correspond to different TRPs. By using multiple PUCCH resources where different PUCCH resources are transmitted toward different TRPs, the PUCCH resource can be flexibly allocated across PUCCH repetition. In the existing PUCCH spatial relation activation MAC CE, only a single PUCCH resource with the corresponding spatial relation info can be activated/deactivated by the MAC CE. The PUCCH spatial relation activation MAC CE can be enhanced to apply multiple PUCCH resources for PUCCH repetitions. In addition, since a PDCCH transmission can be configured with two TCI states, the default spatial relation for PUCCH transmission in multi-TRP scenario should be determined when the spatial relation of a PUCCH resource is not configured.
Proposal 3: For configuration/activation of multiple PUCCH spatial relation info, different PUCCH resources for PUCCH transmission should be supported.
Proposal 4: The default spatial relation for PUCCH transmission in multi-TRP scenario should be studied when the spatial relation of a PUCCH resource is not configured.
3.3. Intra-slot PUCCH repetition
In RAN1 #102-e meeting [2], following agreement was achieved on TDMed PUCCH scheme(s).
	Agreement 

Support TDMed PUCCH scheme(s) to improve reliability and robustness for PUCCH using multi-TRP and/or multi-panel. Study the following alternatives,

· Alt.1: supporting both inter-slot repetition and intra-slot repetition / intra-slot beam hopping.

· Alt.2: supporting only inter-slot repetition

· Note1: It is not precluded to study the use of multiple PUCCH resources to repeat the same UCI in both inter-slot repetition and intra-slot repetition.  
· Note2: The alternatives are clarified as below,

· inter-slot repetition: One PUCCH resource carries UCI, another one or more PUCCH resources or the same PUCCH resource in another one or more slots carries a repetition of the UCI.

· intra-slot repetition: One PUCCH resource carries UCI, another one or more PUCCH resources or the same PUCCH resource in another one or more sub-slots carries a repetition of the UCI 

· intra-slot beam hopping: UCI is transmitted in one PUCCH resource in which different sets of symbols have different beams


If the multiple PUCCH repetitions of one PUCCH are transmitted in different sub-slots within one slot, the latency can be reduced. For the services that require low feedback latency and high reliability, support of intra-slot repetition in addition to inter-slot repetition is critical, so Alt. 1 is preferred.
Proposal 5: Alt.1 is supported to reduce the feedback latency and improve the reliability.
In Rel-15, a PUCCH transmission in each of the repetitions has a same starting symbol, as provided by high layer parameter startingSymbolIndex in the corresponding PUCCH format. Regarding the starting symbol for inter-slot PUCCH repetitions, the beginning of the slot is used as the reference point. In other words, a PUCCH transmission in each of the repetitions is startingSymbolIndex symbols from the beginning of the slot. However, for intra-slot PUCCH repetitions, the PUCCH would repeat within one slot. For the second and the remaining repetitions of intra-slot PUCCH repetition, using the beginning of the slot as reference point may not be appropriate.
Proposal 6: For the starting symbol of intra-slot PUCCH repetitions, the reference point for each repetition should be studied. 
For the first repetition of intra-slot PUCCH repetitions, the starting symbol is startingSymbolIndex symbols from the beginning of the slot. Regarding the reference point for the starting symbol of the second and the remaining repetitions, the end of the last repetition can be regarded as the reference point, as is shown in the Figure 1. The starting symbol of the second repetition is startingSymbolIndex symbols from the end of the first repetition. On the other hand, the beginning of a dedicated symbol can be regarded as the reference point.
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Figure 1: The starting symbol of each PUCCH repetition
Proposal 7: Regarding the reference point for the starting symbol of the second and the remaining repetitions, the end of the last repetition or the beginning of a dedicated symbol can be regarded as the reference point. 
In Rel-15, if two overlapping PUCCHs include a UCI type with the same priority, the transmission priority is determined based on the starting time of these two PUCCHs. When intra-slot PUCCH repetition is introduced, the PUCCH transmission of intra-slot PUCCH repetitions may overlap with other PUCCH. 
If multiple PUCCH transmissions of intra-slot PUCCH repetitions overlap with a same PUCCH in multiple sub-slots and the overlapping PUCCHs include a UCI type with the same priority, as is shown in Figure 2, the transmission priority should be studied. In the multiple overlapping PUCCHs of intra-slot PUCCH repetitions, only the PUCCH with an earlier starting symbol is taken into account when compared with other PUCCH in the starting symbol. The transmission priority of these different PUCCHs is determined based on the starting symbols of the PUCCHs. In detail, the PUCCH starting at an earlier symbol is transmitted and the PUCCH starting at a later symbol is dropped.
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Figure 2: UCI type with same priority

Proposal 8: If multiple PUCCHs of intra-slot PUCCH repetitions overlap with a same PUCCH in multiple sub-slots, only the PUCCH with an earlier starting symbol is taken into account when compared with other PUCCH in the starting symbol.
4. Enhancement on PUSCH
4.1. Configured grant PUSCH
In RAN1 #102-e meeting [2], following agreement was achieved on configured grant PUSCH reliability.
	Agreement 

Further study M-TRP CG PUSCH reliability enhancements in Rel-17. 


In Rel-16, dynamic grant PUSCH was discussed and there were some agreements on dynamic grant PUSCH transmission. However, in the current specification, the support of configured grant PUSCH (e.g. configured grant type 1 PUSCH, configured grant type 2 PUSCH) in M-TRP scenario is not clearly defined. Since configured grant PUSCH can reduce the transmitting delay (e.g. waiting for UL grant allocation) and relax the stringent reliability requirements on control channels, configured grant PUSCH should be supported and identified as an essential feature in multi-DCI based multi-TRP scenario.
Proposal 9: Configured grant PUSCH should be supported and identified as an essential feature in multi-TRP scenario.
For the activation of configured grant PUSCH, configured grant type 1 PUSCH is semi-statically configured and activated by higher layer signaling; while configured grant type 2 PUSCH is configured by higher layer signaling and semi-persistently scheduled by an UL grant in a valid activation DCI. Regarding the difference of activation of these two types of configured grant PUSCH, the association between configured grant PUSCH and TRP should be studied.
Proposal 10: Association between configured grant PUSCH and TRP should be studied.
In Rel-16, if two non-overlapping dynamic grant PUSCHs are associated with different TRPs having different values of CORESETPoolIndex, out-of-order scheduling for these dynamic grant PUSCH transmissions is allowed. Due to the introduction of configured grant PUSCH transmission in multi-DCI based multi-TRP operation, out-of-order scheduling for multiple PUSCHs that include configured grant PUSCH should be studied, as shown in Figure 3. 
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Figure 3: Out-of-order for dynamic grant(DG) and configured grant(CG)
Thus, we have the following proposal, 
Proposal 11: Out-of-order scheduling for multiple PUSCHs that include configured grant PUSCH should be studied.
When a configured uplink grant is active, if the UE cannot find its C-RNTI/CS-RNTI on the PDCCH, a configured grant PUSCH transmission can be transmitted. Otherwise, if the UE finds its C-RNTI/CS-RNTI on the PDCCH, the PDCCH allocation overrides the configured uplink grant PUSCH. The processing time for the UE to check the overriding condition and validate the configured grant is further researched. For single TRP operation in Rel-16, it is agreed to allow the prioritization of configured grant PUSCH transmission over dynamic grant PUSCH transmission under some conditions in case of collision. 
In Rel-16, more than one configured grant configuration of configured grant type 1 and/or configured grant type 2 may be active at the same time on an active BWP of a serving cell. With the introduction of configured grant PUSCH transmission, configured grant PUSCH could collide with dynamic grant PUSCH in multi-DCI based multi-TRP scenario. Here, Figure 4 shows an illustration of collision between a configured grant PUSCH and two dynamic grant PUSCHs.
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Figure 4: A configured grant(CG) colliding with two dynamic grant(DG)s

Observation 1: Multiple PUSCHs including configured grant PUSCH could collide in multi-DCI based multi-TRP scenario.
Thus, we have the following proposal, 
Proposal 12: When multiple PUSCHs including configured grant PUSCH collide in multi-DCI based multi-TRP scenario, how to solve the collision problem should be further studied.
4.2. Active BWP operation

If a BWP indicator field is configured in UL scheduling DCI and indicates an UL BWP different from the active UL BWP, the UE shall set the active UL BWP to the UL BWP indicated by the BWP indicator in the UL scheduling DCI. For multi-DCI based multi-TRP scenario where each UL scheduling DCI schedules a respective PUSCH independently, BWP switching should be handled cooperatively among TRPs. When multiple PDCCHs trigger UL BWP switching in a same slot in the multi-DCI based multi-TRP scenario, this scenario should be studied.
Proposal 13: The scenario that multiple PDCCHs trigger UL BWP switching in a same slot in the multi-DCI based multi-TRP should be studied.
In Rel-16, a UE expects to detect a UL scheduling DCI indicating active UL BWP change, only if a corresponding PDCCH is received within the first 3 symbols of a slot. For single DCI based transmission, the UE is not expected to receive or transmit during a time duration from the end of the third symbol of a slot where the UE detects the UL scheduling DCI in the scheduling cell until the beginning of a slot indicated by the slot offset value of the time domain resource assignment field in the UL scheduling DCI.
As shown in Figure 5, when multiple PDCCHs trigger UL BWP switching in a same slot in the multi-DCI based multi-TRP scenario, each DCI in the PDCCH includes a slot offset value indicating that UE is not expected to receive or transmit from the end of the third symbol of the slot where the UE detects the UL DCI until the beginning of a slot indicated by the slot offset value. The transmission/reception time restriction during the BWP switching should be studied.
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Figure 5: Two DCIs trigger UL BWP switching in a same slot
Proposal 14: When multiple PDCCHs trigger UL BWP switching in a same slot in the multi-DCI based multi-TRP scenario, how to perform transmission/reception w.r.t. BWP switching constraint should be studied.
5. Conclusion
In this contribution, we discuss the issues need to be clarified in Rel-17 NR MIMO. The proposals are summarized below:
Proposal 1: For one CORESET with two active TCI states, Alt 1-3 is preferred.
Proposal 2: Alt.2 is supported and MAC CE can be a feasible method to indicate the number of PUCCH repetitions.
Proposal 3: For configuration/activation of multiple PUCCH spatial relation info, different PUCCH resources for PUCCH transmission should be supported.

Proposal 4: The default spatial relation for PUCCH transmission in multi-TRP scenario should be studied when the spatial relation of a PUCCH resource is not configured.
Proposal 5: Alt.1 is supported to reduce the feedback latency and improve the reliability.
Proposal 6: For the starting symbol of intra-slot PUCCH repetitions, the reference point for each repetition should be studied. 
Proposal 7: Regarding the reference point for the starting symbol of the second and the remaining repetitions, the end of the last repetition or the beginning of a dedicated symbol can be regarded as the reference point. 
Proposal 8: If multiple PUCCHs of intra-slot PUCCH repetitions overlap with a same PUCCH in multiple sub-slots, only the PUCCH with an earlier starting symbol is taken into account when compared with other PUCCH in the starting symbol.
Proposal 9: Configured grant PUSCH should be supported and identified as an essential feature in multi-TRP scenario.
Proposal 10: Association between configured grant PUSCH and TRP should be studied.
Proposal 11: Out-of-order scheduling for multiple PUSCHs that include configured grant PUSCH should be studied.
Observation 1: Multiple PUSCHs including configured grant PUSCH could collide in multi-DCI based multi-TRP scenario.
Proposal 12: When multiple PUSCHs including configured grant PUSCH collide in multi-DCI based multi-TRP scenario, how to solve the collision problem should be further studied.
Proposal 13: The scenario that multiple PDCCHs trigger UL BWP switching in a same slot in the multi-DCI based multi-TRP should be studied.
Proposal 14: When multiple PDCCHs trigger UL BWP switching in a same slot in the multi-DCI based multi-TRP scenario, how to perform transmission/reception w.r.t. BWP switching constraint should be studied.
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