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1. INTRODUCTION
The work on the WID for Rel-17 feMIMO [1] kicked off in RAN1 #102-e meeting. In this contribution, we provide our views on reliability enhancement for PDCCH, PUCCH, and PUSCH. 
 
2. DOWNLINK: PDCCH ENHANCEMENTS
In this section, we provide our views regarding PDCCH enhancements. In the last meeting, the following alternatives were identified for PDCCH structure [2],

	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.

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 

For Alt 1-2/1-3/2/3, study the following
· Case 1: Two (or more) PDCCH candidates are explicitly linked together (UE knows the linking before decoding) 
· FFS: How the explicit linkage is derived/determined by the UE
· Case 2: Two (or more) PDCCH candidates are not explicitly linked together (UE does not know the linking before decoding) 
· FFS: How the UE knows the linkage after decoding 


For mTRP PDCCH reliability enhancements, study the following multiplexing schemes
· TDM : Two sets of symbols of the transmitted PDCCH / two non-overlapping (in time) transmitted PDCCH repetitions / non-overlapping (in time) multi-chance transmitted PDCCH are associated with different TCI states
· Aspects and specification impacts related to intra-slot vs inter-slot to be discussed
· FDM : Two sets of REG bundles / CCEs of the transmitted PDCCH / two non-overlapping (in frequency) transmitted PDCCH repetitions / non-overlapping (in frequency) multi-chance transmitted PDCCH are associated with different TCI states
· SFN : PDCCH DMRS is associated with two TCI states in all REGs/CCEs of the PDCCH 
· Note: There is dependency between this scheme and AI 2d (HST-SFN )
· Note: Combinations of the schemes are not precluded, and they can be discussed at a later stage.

For non-SFN based mTRP PDCCH reliability enhancements, study the following options:
· Option 1 (no repetition): One encoding / rate matching for a PDCCH with two TCI states
· Option 2 (repetition): Encoding / rate matching is based on one repetition, and the same coded bits are repeated for the other repetition. Each repetition has the same number of CCEs and coded bits, and corresponds to the same DCI payload.
· Study both intra-slot repetition and inter-slot repetition
· Option 3 (multi-chance): Separate DCIs that schedule the same PDSCH /PUSCH /RS/TB/etc. or result in the same outcome.
· Study both cases of DCIs in the same slot and DCIs in different slots
Note 1: Companies are encouraged to evaluate the different options based on agreed LLS assumptions for possible down-selection in RAN1#103-e.
Note 2: The actual encoding / rate matching chain for PDCCH polar coding (i.e. 38.212 Sections 5.3.1 / 5.4.1 / 7.3.3 / 7.3.4) is not changed in the options above.




The considered alternatives are represented in Figure 1 where two TRPs send PDCCH to a UE. Each TRP is configured with its own TCI. 




[bookmark: _Ref54019551]Figure 1 Alternatives for PDCCH enhancement

In Alt.1, a UE receives the multiple repetitions within a single CORESET, therefore one CORESET need to be configured with two active TCI states. In Rel-16, only 1 active TCI state can be configured per CORESET. Therefore, for Rel-17, this requires an enhanced CORESET definition to enable the configuration of two active TCI states per CORESET. The different sub-alternatives further separate how the active TCI states are configured within the CORESET.
· In Alt.1-1, one PDCCH candidate is associated with both active TCI states of the CORESET. Both TCI states are active at the same time and the UE receives the repetitions coming from different TRPs. This requires the TCI states to be configured on a per REG/CCE granularity which is not possible in the current specification. On the other hand, a potential benefit is in reduced blind decoding complexity since the UE needs to search for fewer candidates. Moreover, the repetitions do not occupy more REGs/CCEs since the two TCI states are confined to one candidate so the overloading can be reduced.
· In Alt.1-2, the set of PDCCH candidates is partitioned into two groups and each group is configured with one active TCI state. Compared to Alt.1-1, the candidates occupy more REG/CCEs which could cause issues with overloading. However, each repetition is spread over more REGs/CCEs compared to Alt.1-1 which should help with decoding performance. In Rel-16, the search space is configured like the CORESET with one TCI only. To support Alt.1-2, the SS configuration needs to be modified to allow for two TCI states per SS set. Linking the candidates is useful for the UE to know which candidates can be combined or ignored after successful decoding in the multi-chance case. 
· In Alt.1-3, the difference with Alt.1-2 is that each partitioned group belongs to its own SS set. Compared to Alt.1-2, the SS configuration from Rel-16 is reused with one TCI state per SS; however, two SSs with different TCIs are associated to one CORESET. 

Alt.2 and 3 differ from Alt.1 by using two different CORESETs. Alt.1 considers multiple repetitions per CORESET whereas Alt.2 and 3 consider 1 repetition per CORESET. Alt.2 and Alt.3 both configure one active TCI per CORESET as is already the case in the spec. Compared to Alt.1, additional control overhead can be expected to update spatial relations on the control channel. For example, when updating TCI states, Alt.1 requires one MAC-CE command to update one CORESET configuration whereas Alt.2 and Alt.3 require separate MAC-CE commands per CORESET. Alt.2 and Alt.3 have the following differences:
· Alt.2 uses one SS across two CORESETs. Similar to Alt.1-2, it requires one SS to be associated with two active TCIs. This alternative requires linking between SS sets so that UE is aware of candidates used for repetition. The UE can use the multiple repetitions to do combining. Alternatively, if no combining is used, the linking can save some blind decoding complexity by allowing the UE to ignore repetitions linked to a candidate that it already decoded.
· Alt.3 uses one SS per CORESET. TCI configurations require one active TCI per CORESET and SS. In this aspect, this solution reuses the existing Rel-16 behavior. Similar to Alt.2, an additional enhancement is needed where linking can help reduce the blind decoding complexity. 

With regards to multiplexing, the beams from the two TRPs can be received in TDM, FDM, or SFN manner. TDM gives some scheduling flexibility since both TRPs do not need to transmit simultaneously. It also allows for a single TRP to transmit repetitions. Moreover, if the TDM gap is sufficiently large, the UE can switch receiving panels if needed. On the other hand, FDM or SFN provide benefits in latency since both TRPs can be coordinated to send PDCCH simultaneously on the same CORESET. Alt.2 and Alt.3 support TDM, and frequency locations of candidates can be changed across slots to provide frequency diversity. Alt.1-3 can support TDM using different SS sets distributed in time for the single CORESET. Alt.1-2 can support TDM using different groups distributed in time. Alt.1-1 cannot be configured for TDM operation because both TCI states are sent within the same PDCCH candidate. It requires enhancements to the DMRS to support two active TCI states. 
Observation 1: All proposed alternatives require about a same level of specification work. However, from practical and usage point of view, Alt. 1-1 seem less potent.
Proposal 1: Alt. 1-1 is not supported. 



3. UPLINK
PUCCH Enhancements
In this section, we provide our views for PUCCH enhancements. Below captures PUCCH-related agreements from the last meeting [2],

	To improve reliability and robustness for PUCCH using multi-TRP and/or multi-panel, consider all PUCCH formats. 

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 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




The starting point for discussion is about reusing the Rel-16 repetition mechanism which is inter-slot based. In Rel-16, PUCCH repetitions occur over a configurable number of slots. Inter-slot frequency hopping is configurable, and the UE selects the PRB frequency locations based on a configured startingPRB and secondHopPRB values. These values are applied on slots with even/odd number, respectively. The first enhancement for Rel-17 is enabling the repetitions to be sent with multiple SRIs to achieve beam diversity. The issues to be solved are how to configure PUCCH with multiples SRIs and how the SRIs map to the repetitions.
One option is to use one PRI with frequency hopping enabled and vary the SRI per hop. The pattern of SRIs can be configured similarly to the frequency hopping locations. For example, SRI1 can be associated to startingPRB and SRI2 to secondHopPRB. One issue with this approach is the beam switching time. The UE may be unable to switch beams in time from slot to slot. For example, if SRI1 and SRI2 are on different panels, then inter-panel switching time needs to be considered as well. Also, it limits the SRI to a pattern with only two repetitions. Another option is to use two PRIs where each PRI is linked with an SRI. However, to signal multiple PRIs, this may require enhancements to the DCI to include multiple PRIs/SRIs. 
One enhancement that is proposed for Rel-17 is to use dynamic indication of number of repetitions. Having different number of repetitions is useful considering the varying latency requirements (e.g. eMBB vs URLLC). This could be supported by the NW changing the PUCCH configuration every time the number of repetitions is adjusted. However, such approach generates unnecessary overhead. Instead, for example a preconfigured table can be added as part of the PUCCH configuration and the number of repetitions/patterns corresponds to one entry in the table. The UE and the NW know which entry to apply based on a predetermined rule. For example, different patterns of SRIs could be configured with different number of repetitions. 

Observation 2: PUCCH enhancement should have sufficient flexibility and agility in the number of repetitions.
Proposal 2: Support dynamic indication of the number of PUCCH repetitions (Alt2).

	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




Two alternatives are considered for time repetitions. Alt. 1 considers both intra- and inter-slot repetition whereas Alt. 2 only considers inter-slot repetition. The main reason for using intra-slot repetition is for lowered latency. One potential issue with Alt. 1 is that the intra-slot beam hopping requires the UE to be capable of achieving fast beam switching. Therefore, a configured or an indicated SRI pattern should accommodate some time gap to allow a beam adjustment or a panel switching time. Also, a UE could indicate its beam or panel switching capability so that it would be configured with a proper SRI pattern.
 
Observation 3: Intra-slot repetition is important for low latency applications, and can be supported by some UEs. 

Proposal 3: Support both inter-slot repetition and intra-slot repetition / intra-slot beam hopping (Alt.1).


PUSCH Enhancements
In this part, we provide our views for PUSCH enhancements. Below captures PUSCH-related agreements from the last meeting [2],

	On the mapping between PUSCH repetitions and beams in single DCI based multi-TRP PUSCH repetition Type A and Type B, further study the following, 
· For both PUSCH repetition Type A and B, how the beams are mapped to different PUSCH repetitions (or slots/frequency hops),
· Alt.1: cyclical mapping pattern (the first and second beam are applied to the first and second PUSCH repetition, respectively, and the same beam mapping pattern continues to the remaining PUSCH repetitions). 
· Alt.2: sequential mapping pattern (the first beam is applied to the first and second PUSCH repetitions, and the second beam is applied to the third and fourth PUSCH repetitions, and the same beam mapping pattern continues to the remaining PUSCH repetitions). 
· Alt.3: Half-Half pattern (the first beam is applied to the first half of PUSCH repetitions, and the second beam is applied to the second half of PUSCH repetitions) 
· Alt.34: Other variants (e.g. configurable mapping patterns)
· Note1: For PUSCH repetition type B, the variants considering slot level beam mapping with the same mapping principals (replacing repetition with slot) in Alt.1/2/3 are also included. 
· Note2: For PUSCH repetition type A and B with frequency hopping, the variants considering frequency hop level beam mapping with the same mapping principals (replacing repetition with frequency hop) in Alt.1/2/3 can also be studied further. Final selection of such schemes also depends on the number of beams allowed per PUSCH repetition. 

· For PUSCH repetition Type B, which repetition type that the beams shall consider for the mapping,
· Alt.1: beams are mapped to the nominal repetitions
· Alt.2: beams are mapped to the actual repetitions
· Alt.3: beams are mapped to different slots (not in the granularity of actual/nominal repetition)
· Alt.4: Other variants
· Consider additional requirements on switching gap(s) between two PUSCH repetitions towards different TRPs considering beam switching latency aspects.
Note: use of the above solutions to multi-DCI based PUSCH repetition and TDMed PUSCH transmission without repetition (when there are agreed to support) is not precluded. 



The baseline for PUSCH enhancements is the Rel-16 Type A and B repetitions. To support multi-TRP, each repetition should use a different SRI to target each TRP. The enhancement up for discussion is how to map the SRIs to the repetitions. 
Regarding the mapping patterns between beams and PUSCH repetitions, four different alternatives are proposed.  Similar to the PUCCH case, the key issue in making a selection from the proposed alternatives is UE capability in beam switching time. In Alt.1, a fast beam switching is always needed as the beam seems to be switching for at least every transmission. In Alt. 2, there might be cases when the first two repetitions occur in the first slot, and the third and the fourth repetitions in the second slot. Therefore, there could be some time gap between the two parts that would support such mapping pattern. Alt. 3 could behave similarly to Alt.1 if half of the repetitions are spread across multiple slots, or similarly to Alt.2 if half of the repetitions are mapped in a same slot. Alt. 4 considers configurable mapping pattern which gives the NW flexibility to configure multiple mapping patterns according to UE’s beam switch capability. 
In our view, assuming a UE capable of fast beam switching, we don’t expect Alt. 3 would result in any significant gain, if any, compared to other cases. Also, we consider that Alt.1 and Alt. 2 can be supported as a special form of Alt. 4. 
Observation 4: It is not clear if Alt. 3 would give any gain over other cases. Moreover, Alt. 1 and Alt. 2 seem to be special cases of Alt4 that can be configured based on UE beam switching capability.
Proposal 4: Support Alt4, that is based on configurable mapping pattern.
In Alt. 4, the challenge is how the NW and UE maintain the same understanding on which pattern to use without incurring a large signalling overhead. The choice of the pattern can depend on the number of repetitions and on which SRIs are valid which will vary for each UE. To do this, multiple alternatives should be supported. They could be chosen depending on the SRIs and/or number of repetitions scheduled. This gives flexibility to the network to choose the right pattern with the right SRIs for the different use cases. It also enables switching between single and multi-TRP modes of operation by including patterns with SRIs targeting single and multi-TRP. Dynamically switching between the two requires dynamically switching the patterns to find the best SRI patterns to one TRP. This pattern is different from the optimum pattern to two different TRPs since the spatial filters need to be optimized for the UE’s orientation with respect to the TRPs.
Observation 5: The choice of pattern may be based on the number of repletion, number of TRPs that requires a relatively fast indication.

Proposal 5: SRI repetition patterns for PUSCH repetitions are dynamically indicated. 

4. CONCLUSIONS
This contribution discussed the enhancements to physical channels for multi-TRP operation. Based on the presented discussion, we make the following observations and proposals:

Observation 1: All proposed alternatives require about a same level of specification work. However, from practical and usage point of view, Alt. 1-1 seem less potent.

Observation 2: PUCCH enhancement should have sufficient flexibility and agility in the number of repetitions.

Observation 3: Intra-slot repletion that is important for low latency applications, can be supported by some UEs. 

Observation 4: It is not clear if Alt. 3 would give any gain over other cases. Moreover, Alt. 1 and Alt. 2 seem to be special cases of Alt4 that can be configured based on UE beam switching capability.

Observation 5: The choice of pattern may be based on the number of repletion, number of TRPs that requires a relatively fast indication.

Proposal 1: Alt. 1-1 is not supported. 

Proposal 2: Support dynamic indication of the number of PUCCH repetitions (Alt2).

Proposal 3: Support both inter-slot repetition and intra-slot repetition / intra-slot beam hopping (Alt.1).

Proposal 4: Support Alt4, that is based on configurable mapping pattern.

Proposal 5: SRI repetition patterns for PUSCH repetitions are dynamically indicated. 
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