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1. Introduction
In RAN1#103-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 #103-e meeting [2], following agreement was achieved on PDCCH enhancement.
	Agreement
For PDCCH reliability enhancements with non-SFN schemes, support at least Option 2 + Case 1.

· Maximum number of linked PDCCH candidates is two
· FFS: Details including how the two PDCCH candidates are counted toward the BD limits and impact on overbooking, if any

· Down-select at least one Alt from Alts 1-2 / 1-3 / 2 / 3

· FFS: Linking options such as a fixed rule based on the same PDCCH candidate index, based on start CCE, based on configuration, etc. 
· FFS: additional restriction to facilitate soft combining 

· FFS: implicit PUCCH resource determination for >8 PUCCH resources in the resource set, scheduling offset for “timeDurationForQCL”, Out-of-order / in-order definition for PDCCH-to-PDSCH and PDCCH-to-PUSCH, DAI for Type-2 codebook, Slot offset for scheduling the same PDSCH/PUSCH/CSI-RS/SRS, rate matching PDSCH around the scheduling DCI.

· FFS: whether and how to support for DCI format 2_x

Agreement
For PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1, CCEs of the two PDCCH candidates are counted separately following Rel. 15/16 procedures. Further study the BD limit by considering the following
· With respect to the complexity associated with RE de-mapping / demodulation, 2 units are required

· With respect to the complexity associated with decoding, the following assumptions can be further discussed:

· Assumption 1: UE only decodes the combined candidate without decoding individual PDCCH candidates

· Assumption 2: UE decodes individual PDCCH candidates

· Assumption 3: UE decodes the first PDCCH candidate and the combined candidate

· Assumption 4: UE decodes each PDCCH candidate individually, and also decodes the combined candidate

· Note 1: The Assumptions 1-4 are for discussion purpose only, and they may or may not have specification impact.

· FFS: The relationship between UE capability, RRC configuration, and the BD limit, and whether the Assumptions 1-4 are relevant for this purpose.

· Note 2: the BD /CCE limit here is counted based on the configuration of PDCCH monitoring capability (e.g. per slot or per span).


Time reference:
For PDCCH reliability enhancements with non-SFN schemes, the repetition scheme is agreed. With use of the repetition scheme, the contents of the two detected DCIs are exactly the same. When two different PDCCH candidates are transmitted in different slots, each detected DCI determines a slot offset and the slot offset values of the two detected DCIs are the same, as is shown in the Figure 1. Since the two PDCCHs will schedule the same PDSCH/PUSCH/CSI-RS/SRS, one of the two PDCCH candidates needs to be determined as reference for counting K0/K2 slots. To start the transmission as soon as possible, it is straightforward to take the first PDCCH candidate as a reference. However, for other scenarios, it may be suitable to define the second PDCCH candidate as a reference. 
In addition, if UE transmits the PUSCH that includes semi-persistent/aperiodic CSI report and does not include UL-SCH, the scheduling offset is determined by the higher layer parameter reportSlotOffsetList. In this case, the time reference for counting the slot offset for semi-persistent/aperiodic CSI report in PUSCH should be considered.
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Figure 1: Illustration for two scheduling offsets
Proposal 1: For the reference for counting slot offset for PDSCH/PUSCH/CSI-RS/SRS, the first PDCCH candidate are preferred.
BD/CCE limits:
Regarding the BD limit for PDCCH reliability enhancements with non-SFN schemes, four assumptions are discussed. For assumption 1, UE only decodes the combined candidate without decoding individual PDCCH candidates. Decoding the combined candidate with soft combining always has better performance and has the benefit of low decoding complexity. Hence, assumption 1 should be firstly supported in Rel-17. In addition, serving as a compromised solution between assumption 2 and 4, assumption 3 can apply soft combining with less BD number compared with assumption 4. For all the assumptions, UE can report the capability on supporting these four assumptions and gNB indicates the corresponding assumptions. By this way, the same understanding on counting BD can be guaranteed between UE and gNB. 
Proposal 2: For BD counting assumption, assumption 1 and assumption 3 are preferred.
Overbooking:

In Rel-15/16, the overbooking rules are defined based on the type of search space set and the index of the search space set. In detail, regarding the type of search space set, the common search space set has a higher priority than UE-specific search space set; in a same type of search space set, the search space set with a lower index has a higher priority. With the rules mentioned above, UE monitors the search space set until the BD/CCE limit is exceeded. 
For PDCCH reliability enhancements with non-SFN schemes, repetition based scheme is agreed. If two search space sets are used, dropping the whole search space set which includes the repeated PDCCH candidate may not be appropriate. To enhance the overbooking rule based on a PDCCH candidate, the explicit linkage between two PDCCH candidates can be exploited to drop the repeated PDCCH candidate. On the other hand, regarding the BD limit in the PDCCH reliability enhancements with non-SFN schemes, four assumptions are discussed, where the BD limit is counted based on the individual PDCCH candidates or the combined candidate. If the second PDCCH candidate or the combined candidate needs to be decoded, the explicit linkage between two PDCCH candidates can be exploited to monitor the second PDCCH candidate with a higher priority.
Proposal 3: To enhance the overbooking rule, the explicit linkage between two PDCCH candidates can be exploited in the repetition based scheme.
3. Enhancement on PUCCH

3.1. Indication of the number of PUCCH repetitions

In RAN1 #103-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 for Scheme 1, there is no restriction on using Rel-15 framework on configuring the number of repetitions.  

· Rel-17 feMIMO may additionally consider supporting the dynamic indication of the number of repetitions in RAN1 #104 meeting. 


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. Hence, dynamic indication of the number of PUCCH repetitions 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. By this way, it will enlarge the size of DCI. In addition, 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 4: DCI and MAC CE can be feasible methods to dynamically indicate the number of PUCCH repetitions.
3.2. PUCCH spatial relation info
In RAN1 #103-e meeting [2], following agreement was made on configuration/activation of PUCCH spatial relation info.
	Agreement
For multi-TRP TDM-ed PUCCH transmission schemes, 

· Support the use of a single PUCCH resource 

· Up to two spatial relation info’s can be activated per PUCCH resource via MAC CE

· FFS: Required enhancements for FR1
FFS: Use of multiple PUCCH resources.  


For PUCCH in multi-TRP scenario, PUCCH repetitions are transmitted towards different TRPs and the spatial relation of each PUCCH repetition is configured corresponding to different TRPs. If two spatial relations are activated per PUCCH resource via MAC CE, the PUCCH spatial relation activation MAC CE should be enhanced. For the enhancement of the existing activation MAC CE, two statuses can be activated to indicated the two spatial relations. In addition, a new PUCCH spatial relation activation MAC CE can be designed to support two spatial relations with a single PUCCH resource.
Proposal 5: For the support of two PUCCH spatial relations with a single PUCCH resource, the existing PUCCH spatial relation activation MAC CE can be enhanced.
By using multiple PUCCH resources where different PUCCH resources are transmitted toward different TRPs, the PUCCH resource can be flexibly allocated across PUCCH repetition. The different PUCCH resources can be adapted to different TRP-UE link and avoid collision. 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 6: For configuration/activation of multiple PUCCH spatial relation info, multiple PUCCH resources for PUCCH transmission should be supported.
3.3. Intra-slot PUCCH repetition
In RAN1 #103-e meeting [2], following agreement was achieved on PUCCH transmission scheme.
	Agreement
For multi-TRP PUCCH transmission schemes.  

· Support multi-TRP inter-slot repetition (Scheme 1)
· One PUCCH resource carries UCI, another PUCCH resource or the same PUCCH resource in another one or more slots carries a repetition of the UCI. 

· FFS: Number of repetitions

· Further study the support (one or both) of the following schemes

· Multi-TRP intra-slot beam hopping (Scheme 2)

· UCI is transmitted in one PUCCH resource in which different sets of symbols within the PUCCH resource have different beams.

· FFS: More than 2 beam hopping instances per PUCCH resource.

· Multi-TRP intra-slot repetition (Scheme 3)

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

· Note1: whether to support two PUCCH resources or the same PUCCH resource with different beams for Scheme 1 and 3 to be discussed separately. 


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. Regarding the two intra-slot PUCCH transmission schemes, the intra-slot beam hopping (Scheme 2) may not be applicable to the short PUCCH formats with a small number of symbols (e.g. format 0, 2). In addition, Scheme 2 may suffer worse performance in the FR2 blockage scenario. Hence, regarding the intra-slot PUCCH transmission schemes, intra-slot PUCCH repetition (Scheme 3) can improve the reliability and robustness in more cases.
Proposal 7: For the intra-slot PUCCH transmission schemes, at least Scheme 3 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 8: 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 2. 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 2: The starting symbol of each PUCCH repetition
Proposal 9: 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 3, 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 3: UCI type with same priority

Proposal 10: 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. Multi-DCI based PUSCH enhancement
In RAN1 #103-e meeting [2], following agreement was achieved on multi-DCI based PUSCH.
	Agreement
For M-TRP PUSCH reliability enhancement, further discuss multi-DCI based PUSCH transmission/repetition scheme(s) considering the following aspects.  

· The same TB is repeated towards multiple TRPs with different beams, where one or more PUSCH repetitions are scheduled by one DCI and another one or more PUSCH repetitions are scheduled by another DCI. 

· FFS: Details related to timeline restrictions and beam mapping  

· Changes on Rel-15/16 MCS, TBS determination, and UL resource allocation are not expected from this scheme.

· The scheme is considered to be supported only if there are gains over single DCI based PUSCH repetition schemes and a similar scheme is not supported by m-TRP PDCCH (e.g. Option 3). 

Companies are encouraged to provide simulation results to decide the support of the scheme in next RAN1 meetings

The support of multi-DCI based PUSCH transmission/repetition scheme(s) in Rel-17 will be decided in RAN1#104-e


Since multi-DCI based multi-TRP PDSCH transmission has already been supported in Rel-16, it is natural to schedule PUSCH with multi-DCI for the scenarios with non-ideal backhaul. In addition, compared with single-DCI, multi-DCI can simplify the UL beam indication and power control related aspects. For example, for the multi-TRP scenario, the channel of different TRPs may be different. If TPMI/TPC/SRI is indicated by single-DCI, the same TPMI/TPC/SRI values are assumed for different repetitions of PUSCH and the performance of PUSCH would be reduced. Hence, multi-DCI based PUSCH should be supported.
Proposal 11: Multi-DCI based PUSCH should be supported for multi-TRP PUSCH transmission.
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 the reference for counting slot offset for PDSCH/PUSCH/CSI-RS/SRS, the first PDCCH candidate are preferred.
Proposal 2: For BD counting assumption, assumption 1 and assumption 3 are preferred.
Proposal 3: To enhance the overbooking rule, the explicit linkage between two PDCCH candidates can be exploited in the repetition based scheme.
Proposal 4: DCI and MAC CE can be feasible methods to dynamically indicate the number of PUCCH repetitions.
Proposal 5: For the support of two PUCCH spatial relations with a single PUCCH resource, the existing PUCCH spatial relation activation MAC CE can be enhanced.
Proposal 6: For configuration/activation of multiple PUCCH spatial relation info, multiple PUCCH resources for PUCCH transmission should be supported.
Proposal 7: For the intra-slot PUCCH transmission schemes, at least Scheme 3 is supported to reduce the feedback latency and improve the reliability.
Proposal 8: For the starting symbol of intra-slot PUCCH repetitions, the reference point for each repetition should be studied. 
Proposal 9: 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 10: 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 11: Multi-DCI based PUSCH should be supported for multi-TRP PUSCH transmission.
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