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1 Introduction
In this contribution, the potential enhancements to PDCCH, PUSCH, and PUCCH using multi-TRP are discussed based on the progress made in the last meeting [1].
2 Reliability/Robustness enhancement with Multi-TRP/Panel transmission
2.1 PDCCH enhancements
· Analysis on candidate schemes
In last meeting, three options were agreed to study for PDCCH transmission using multi-TRP [1], as copied below. In this section, the three options are discussed based on the evaluation of performances.
	Agreement
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.


Link level evaluations for the multi-TRP PDCCH transmission schemes are provided in Figure 1 in the case without blockage and Figure 2 in the case with blockage, with comparison to single-TRP transmission as well. The simulation assumptions follow those agreed in the last meeting, with further detailed evaluation assumptions provided in Table 1 in appendix. 
For fair comparison, we used equal amount of resources for different options, e.g. two AL4 PDCCH candidates from two TRPs for Option 2 and Option 3, and one AL8 PDCCH candidate for Option 1 (two halves of which from two TRPs) and single TRP case. For SFN scheme, each TRP transmits the same DCI on the same resources using the same port, so one AL4 PDCCH candidate is used.
For blockage modelling in Figure 2, it is assumed that there’s 10% probability of 10dB loss for each of the TRPs, and only one TRP is blocked at one time. 
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Figure 1: Simulation results of PDCCH repetition without blockage
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Figure 2: Simulation results of PDCCH repetition with blockage
The following can be observed from the simulation results:
· Option 3: The performance in the case without blockage is worse than those of other multi-TRP schemes as well as single-TRP scheme. The main reason is that repetition gain by soft-combining cannot be obtained in Option 3, while it can be utilized in Option 1/2 single-TRP scheme. In the case with blockage, larger gain can be achieved compared with option 1 and single TRP scheme, since that one copy of the information bits from the un-blocked TRP can still be received. 
· Option 2: The performance is similar to option 1 and better than other schemes in the case without blockage, because that SNR of each bit in mother code is improved by soft combing and diversity gain can also be achieved. In the case of blockage, it is similar to option 3 and better than other schemes, as one copy of the information bits from the un-blocked TRP can still be received.
· Option 1: Although the performance is similar with Option 2 in the case without blockage, significant performance loss is observed in the case with blockage. This is because option 1 cannot guarantee that each bit in mother code can be transmitted by both TRPs, with an example shown in Figure 3. As a result, only half of the mother code can be received by the UE in case of blockage and the coding gain is degraded significantly. As shown in Figure 3, assuming that a CORESET is configured with interleaving size=2 and REG bundle size=6, a PDCCH candidate with AL8 occupies REG bundle #1-#4 and #12-#15. If we use the TCI mapping similar to the URLLC scheme 2 in R16, i.e., the REG bundles with odd indices are with TCI 1, and the REG bundles with even indices are with TCI 2, then each one of almost all the bits of mother code is repeatedly transmitted from only one TRP. Therefore, the TCI mapping would have impacts on the performance in blockage, and the further enhancement on TCI mapping pattern needs to be considered for option 1.
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Figure 3 Mapping of the coded bits to different TCI states
· SFN: The performance is worse than option 1 and 2 in case of low BLER (10^-3). SFN scheme may not always boost SNR per bit, due to the fact that channels may have opposite phase and therefore destruct each other. This can be proven from Figure 1 that SFN scheme have less steep slope than Option 1. 
Observation 1: For multi-TRP PDCCH transmission without blockage, Option 1 (no repetition) and Option 2 (repetition) share similar performance and are much better than other options. 
Observation 2: For multi-TRP PDCCH transmission with potential blockage, Option 2 (repetition) and Option 3 (multi-chance) share similar performance and are much better than other options.
Therefore, based on the above discussion, considering the performance in both cases with and without blockage, we have the following proposal: 
Proposal 1: Support Option 2 (repetition) for multi-TRP PDCCH transmission.
On the linkage between the PDCCH candidates, the following cases were agreed for study in the last meeting [1]:
	Agreement
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


The complexity of BD monitoring at UE side will be increased heavily with Option 2 if there’s no limitation on linkage between candidates and the UE tries all possible combinations of candidates. To reduce the complexity, linkage is needed, i.e., Case 1 (explicit linkage) should be supported. For example, the association of the PDCCH candidates from multi-TRP can be defined, so that a UE only needs to soft-combine the associated candidates for decoding, and thus the decoding complexity can be reduced. Note that compared with single-TRP transmission, the complexity of BD monitoring by explicit linkage is also reduced, as there’s only one-time decoding of the linked candidates in option 2 (repetition), while each candidate needs one-time decoding in single-TRP transmission.
Proposal 2: To reduce the BD complexity of Option 2 (repetition), association between PDCCH candidates from different TRPs, i.e., Case 1 (explicit linkage), should be supported.
For Option 3, although the UE doesn’t have to know the linkage between PDCCH candidates when performing DCI detection, the linkage between the PDCCH candidates for multi-chance transmission should also be defined to some degree for the following reasons: 
· [bookmark: OLE_LINK2]In R15, PUCCH resource is determined by the CCE index of the scheduling DCI. When two DCIs are used to schedule the same TB, the same PUCCH should also be used. In this case, UE needs to determine the PUCCH resource according to one of the linked candidates if at least one of them is detected. We can avoid the ambiguity by some predefined rules based on the linkage.
· In R15, HARQ-ACK codebook is generated according to the monitoring occasion ID of the scheduling DCI. If TDM scheme is used and assuming that all DCI repetitions are associated with one PUCCH for HARQ-ACK, only one of the monitoring occasion of the repeated DCI should be used to determine the HARQ-ACK codebook. Similarly as the above discussion, if the linkage is built, we can also utilize the linkage to avoid the ambiguity.
· Multiplexing schemes 
In last meeting, the following multiplexing schemes were agreed for study [1]:
	Agreement
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.


Both TDM and FDM schemes have its use cases and should be supported for PDCCH enhancement. TDM can be used for the UE without capability of simultaneous reception with 2 beams/panels in FR2. FDM can be used for the other cases to achieve low latency. So we prefer to support both TDM and FDM, and unified PDCCH framework that can be used in both TDM and FDM schemes.
Proposal 3: Support both TDM and FDM for multi-TRP PDCCH transmission.
· Alternatives on the framework for multi-TCI based PDCCH transmission
In the last meeting, several alternatives for multi-TCI based PDCCH transmission were discussed as below [1].
	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.
· [bookmark: OLE_LINK12]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 


In general, different alternatives may be suitable for different options. For example, for Options 2 and 3, as two PDCCH candidates transmitted from two TRPs separately for one DCI are needed, and UE will receive the two candidates to derive one DCI. In order to keep the encoding / rate matching operation of PDCCH polar coding in current spec, Alt 1-2/1-3/2/3 are simpler in terms of spec efforts for Options 2 or 3 such that two PDCCH candidates associated with two TCI states separately are supported. While, Alt 1-1 is more suitable for Option 1.
Observation 3: The following combinations of different alternatives and options are simpler and more straightforward:
· Alt 1-1+Option 1;
· Alt 1-2/1-3/2/3+Option 2/Option 3.
With Alt 1-2/1-3, two coordinated TRPs have to use the same scrambling ID for DMRS and the same number of OFDM symbols according to a single CORESET configuration, which may result in some restrictions on gNB. In addition, activating two TCI states per CORESET not only impact signaling design for TCI, but also impact the mechanism of BD counting. Meanwhile, Alt 2/3 can be more flexible and reuse current PDCCH framework as much as possible. 
Observation 4: On how to enable two TCI states for PDCCH transmission, compared with Alt 1-2/1-3, Alt 2/3 can be more flexible on CORESET configuration and reuse the current PDCCH structure as much as possible.
With Alt 1-2, two sets of PDCCH candidates associated with different TCI states separately in one SS set should be configured or predefined. To support FDM, the linkage should be configured at PDCCH candidates level. Considering that the number of candidates for each AL is configurable, such a configuration would be quite complicated. To support TDM, the TCI mapping/repetition pattern in time domain needs to be defined in the spec. A straightforward way is to assume that the same PDCCH candidate ID with same AL in different monitoring occasions are linked. 
As Alt 2 is similar to Alt 1-2 to share one SS set, the above consideration can also apply to Alt 2. 
Observation 5: With Alt 1-2 or Alt 2, the design of TCI mapping and association between PDCCH candidates is different for TDM and FDM based schemes.
Alt 1-3 supports separate SS sets from 2 TRPs. With Alt 1-3, the association between SS sets and 2 TCI states has to be defined or configured. The association of PDCCH candidates within the linked SS set can follow a predefined rule for simplicity. 
TDM scheme can be directly supported, as the associated candidates can be configured with different monitoring occasion. To support FDM scheme with Alt 1-3, the association of PDCCH candidates within the linked SS sets should be defined to make sure that the linked candidates occupy non-overlapped REG bundles. In current spec, the CCE indexes of a PDCCH candidate is determined by the following formula:
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Assuming that  is the same for the linked SS set, if the ID of the linked PDCCH candidates are different, such as different  for different candidates, the candidates would occupy non-overlapped REG bundles and the performance can be kept, as shown in Figure 4.
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Figure 4 Association between PDCCH candidates
Observation 6: For Alt 1-3, the linked PDCCH candidates should occupy non-overlapped REG bundles.
With Alt 3, the association between SS sets and TCI states is not needed, thus the spec efforts can be simplified and the current work of PDCCH configurations can be kept. Similar as Alt 1-3, when the monitoring occasions of the linked SS sets are configured to be the same, FDM based scheme can be used, and otherwise, TDM scheme can be used.
Proposal 4: For Option 2, slightly prefer Alt 3 or Alt 1-3 to enable two TCI states for PDCCH.

2.2 PUSCH enhancements
In last meeting, the following has been agreed for multi-TRP PUSCH enhancement [1]:
	Agreement 
For M-TRP PUSCH reliability enhancement, support single DCI based PUSCH transmission/repetition scheme(s).
· Further study multi-DCI based PUSCH transmission/repetition scheme(s) to identify potential gains and required enhancements.
· Note: This agreement does not reflect any prioritization of single DCI based PUSCH transmission/repetition over multi-DCI based PUSCH transmission/repetition. Ran1 can further discuss that in the next meeting.
Agreement
For single DCI based M-TRP PUSCH reliability enhancement, support TDMed PUSCH repetition scheme(s) based on Rel-16 PUSCH repetition Type A and Type B.
· Further study PUSCH transmission without repetition as a potential candidate M-TRP PUSCH scheme


In URLLC, a larger bandwidth compared to regular traffic may be scheduled to improve UL transmission quality and maintain a proper transmission delay. Compared with single-TRP, there are also more reception points with multi-TRP, and the channel would be even more frequency selective. Moreover, different TRP can receive PUSCH on different RBs to derive diversity gain. Therefore, one single TPMI is not suitable for all TRPs/subbands.
In such cases, different UL PRG can use different TPMIs aiming at different TRPs for codebook based transmission. If some subbands for one TRP suffer from deep fading, the TPMI selected for these subbands can be for the other TRP. In this way, more robustness of PUSCH can be achieved. Note that the UL PRG/subband may reuse certain Rel-15 concept, e.g., different frequency hops can use different TPMIs. The spec impact of such a mechanism is similar to or less than the repetition based scheme. 
The evaluation result of multi-TPMI with multi-TRP is shown in Figure 5 for codebook based PUSCH transmission. It can be observed that with multi-TPMI, there are ~0.75dB gain at 10^-2 compared to wideband TPMI. And the slope of subband TPMI is steeper than that of wideband TPMI due to the benefits of the diversity, so that more gain can be expected at lower BLER required by URLLC. Detailed evaluation assumption is provide in Table 2 in appendix.

Figure 5: Performance of subband TPMI vs wideband TPMI for CB- based PUSCH transmission
Observation 7: PUSCH transmission with multiple TPMIs in frequency domain is beneficial for UL codebook based transmission.
Proposal 5: For PUSCH transmission without repetition, support multiple TPMIs for multiple frequency hops respectively.
More details are also discussed in last meeting [1]: 
	Agreement
To support single DCI based M-TRP PUSCH repetition scheme(s), up to two beams are supported. RAN1 shall further study the details considering,
1. Codebook based and non-codebook based PUSCH 
2. Enhancements on SRI/TPMI/power control parameters/any other
Note1: Companies are encouraged to provide additional details on how above enhancements are applied to different PUSCH repetitions (e.g. mapping between PUSCH repetitions and beams)
Note2: Studying enhancements/aspects related to TA is not precluded.


For codebook based PUSCH transmission, 2 TPMIs can be indicated, and each TPMI is associated to each frequency hop/repetition in time domain. For FR2, both SRI and TPMI can be indicated per frequency hop/repetition. The current SRI field for codebook based PUSCH transmission can be extended/enhanced to indicate multiple SRS resources. 
On how to indicate the 2 TPMIs, a simple and straightforward way is to use 2 TPMI fields to indicate 2 beams. Note that, whether to do frequency hopping/repetition is indicated by DCI, but the 2 TPMI fields will always be present in the DCI to maintain the DCI payload size. To tackle this issue, a more efficient way is to use one enhanced TPMI field to indicate 2 beams. Methods of reducing the DCI overhead can be considered, e.g. limiting rank over repetitions/hops. 
Proposal 6: For codebook based PUSCH transmission, support an enhanced TPMI field to indicate two beams for frequency hops/repetitions.
For non-codebook based PUSCH transmission, SRI should be indicated per frequency hop/repetition. Instead of supporting 2 SRI fields, reusing the current SRI field is more preferable. For example, in R15, each SRS resource indicated by SRI is associated to each PUSCH layer. In R17, the SRS resource indicated by SRI can be associated to different hops/repetition instead of layers, as it’s generally low rank transmission to meet the high robustness/reliability requirements. 
Proposal 7: For non-codebook based PUSCH transmission, SRI field in R15 can be reused to indicate two beams/SRIs for frequency hops/repetitions.
In R15 non-codebook based transmission, there is one CSI-RS resource associated with SRS resource sets, and UE can derive precoders for SRS transmission according to the CSI-RS measurement. Since QCL assumption is configured per CSI-RS resource, which is assumed to be transmitted by one TRP, SRS precoder(s) is calculated according to only one TRP-UE channel. If multiple TRPs can transmit multiple CSI-RS resources to the UE, which are used to calculate the SRS precoder(s), then the precoder(s) can be optimized according to multi-TRP channels assuming that joint processing is used by TRPs.
Proposal 8: For non-codebook based PUSCH transmission, the CSI-RS configuration should be enhanced to enable multi-TRP based reception.
In last meeting, the mapping pattern of 2 beams in time domain repetition was discussed as below [1]: 
	Agreement
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.


For both repetition Type A and B, the benefits of Alt 1 over Alt 2/3 is that 2 TRPs can have the chance to receive the PUSCH in the first repetitions, which means that diversity gain provided by multi-TRP reception can be obtained and PUSCH reception may be terminated before all the repetitions are transmitted. Alt 2 would be slightly better than Alt 3 for the similar reason. So, the mapping pattern defined for URLLC scheme 4 in R16, i.e., alt 1/2, can be reused here. 
Proposal 9: For PUSCH repetition Type A and B, Alt 1 (cyclical mapping pattern) and Alt 2 (sequential mapping pattern) should be supported.
For PUSCH repetition Type B, the number of nominal repetition time can be indicated by SLIV and the actual repetitions are determined by slot boundary/subframe structure. Alt.1 cannot make sure that each TRP has equal chance to receive PUSCH, for example when the 2nd nominal repetition is dropped. While, for Alt 2, as long as more than one actual repetitions are transmitted, each TRP has a chance to receive PUSCH. Furthermore, just like the advantage of cyclical mapping pattern, i.e., Alt 1 in the above discussion, PUSCH reception may be terminated in advance. In this case, Alt.2 should be considered at least for the case without switching gap.
Proposal 10: For PUSCH repetition Type B, support to map the beams to the actual repetitions, i.e., Alt.2. 
2.3 PUCCH enhancements
In last meeting, the following alternatives to support PUCCH repetition were agreed for study [1]:
	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
Agreement 
To improve reliability and robustness for PUCCH using multi-TRP and/or multi-panel, consider all PUCCH formats. 


In R15, inter-slot repetition and intra-slot frequency hopping are supported by formats 1/3/4, and intra-slot repetition is supported by formats 0/2. For short PUCCH formats such as formats 0/2, to maintain low latency, intra-slot repetition with multi-TRP reception should be supported. For long PUCCH formats with frequency hopping, different hops can use different beams targeting to different TRPs to achieve more diversity gain on top of the frequency diversity. Also, intra-slot repetition for PUCCH format 1/3/4 can also be considered, for the case that frequency hopping is disabled. 
Proposal 11: For TDMed PUCCH scheme with multi-TRP/panel reception, support Alt. 1, i.e. both inter-slot repetition and intra-slot repetition / intra-slot beam hopping. 
· Intra-slot repetition can be used for all PUCCH formats.
· Intra-slot beam hopping can be used for PUCCH format 1/3/4 with frequency hopping.
Following details for indication mechanism is also discussed [1]: 
	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.
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


For PUCCH formats 0/2, intra-slot repetitions and spatial filters can be configured per PUCCH resource. It is quite straightforward to use one PUCCH resource to support multi-TRP based PUCCH transmission. In this case, dynamic switching between one-TRP case and multi-TRP case, as well as dynamic indication of the repetition number can be supported by indicating different PUCCH resources via PRI. The switching gap between repetitions may be configured for the PUCCH resource if needed. 
For PUCCH formats 1/3/4 with inter-slot repetition in R15, the repetition number is a common configuration per format. If dynamic indication is considered, the parameter can be configured per PUCCH resource. And then PRI can be used to indicate the repetition number. 
For PUCCH formats 1/3/4 with frequency hopping, it is natural to use one PUCCH resource. Note that frequency hopping is configured per PUCCH resource.
For PUCCH formats 1/3/4 with intra-slot repetition, a new parameter per PUCCH resource can be used to configure the intra-slot repetition number. For all these three cases, two spatial filters are configured/activated for the PUCCH resource and each repetition/hop is associated with one of the spatial filters. The inter-slot repetition number can be configured per PUCCH resource, therefore the framework can be reused. 
The motivation of using two PUCCH resources to support PUCCH repetition is that different TRPs can use its own PUCCH resource to allocate the symbol/RBs to match the related channel. However, such benefits can already be achieved by frequency hopping in one PUCCH resource. In addition, for cell edge UEs, the SNR of the channel to different TRPs may be similar and thus the same number of symbols can be used for both TRPs.
Proposal 12: Support to use one PUCCH resource for multi-TRP based PUCCH transmission.
Proposal 13: For configuration/indication of the number of PUCCH repetitions, support to use Rel-15 liked framework, i.e., Alt. 1.
When one PUCCH resource is used, the mapping between PUCCH repetitions and spatial relation info should be defined. One simple way is to predefine a spatial filter pattern in time domain, e.g., a part of the repetitions uses the 1st activated spatial filter and other part of the repetitions uses the 2nd activated spatial filter. Since the two spatial filters target to different TRPs, each TRP can receive the PUCCH on the related part of the repetition, and try to decode/detect the UCI bits separately. As shown in Figure 6, assuming PUCCH format 0, UE transmits the PUCCH on two symbols with different beams. Since beam 1 aims to TRP 1 and beam 2 aims to TRP 2, TRP 1 can receive UCI on symbol 1 and TRP 2 can receive UCI on symbol 2, and detect PUCCH sequence via correlation. Then, the correlation results derived from 2 TRPs can be combined for UCI detection to improve reliability as shown in Figure 6. 
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Figure. 6 Joint processing of the PUCCH format 0 by multi-TRP
Another way to further utilize the joint processing of 2 TRPs especially for UCI with 1/2 bit is that the spatial filter pattern in time domain is defined for different information bits. In this way, gNB can detect the UCI with multiple hypothesis and joint processing can be used to further decrease the rate of false-alarm.
[bookmark: OLE_LINK3]Take PUCCH format 0 with 1-bit HARQ-ACK as an example. When ACK is transmitted, symbol 1 uses beam 1 and symbol 2 uses beam 2. While, when NACK is transmitted, symbol 1 uses beam 2 and symbol 2 uses beam 1. In this way, each TRP tries to detect HARQ-ACK on both symbols 1 and 2, and the UCI can be detected on only one symbol, which can be used to strengthen the reliability of the ACK/NACK bit detected from PUCCH sequence. In another word, the beam pattern detected by 2 TRPs can be used to help the detection of the ACK/NACK bit.
Observation 8: Mapping of the 2 spatial filters in time domain can be designed to facilitate the joint processing of two TRPs.
3 Conclusion
This contribution has provided our analysis and consideration reliability/robustness enhancements using multi-TRP in Rel-17. In summary following observations and proposals are provided in the contribution:
Observation 1: For multi-TRP PDCCH transmission without blockage, Option 1 (no repetition) and Option 2 (repetition) share similar performance and are much better than other options. 
Observation 2: For multi-TRP PDCCH transmission with potential blockage, Option 2 (repetition) and Option 3 (multi-chance) share similar performance and are much better than other options.
Observation 3: The following combinations of different alternatives and options are simpler and more straightforward:
· Alt 1-1+Option 1;
· Alt 1-2/1-3/2/3+Option 2/Option 3.
Observation 4: On how to enable two TCI states for PDCCH transmission, compared with Alt 1-2/1-3, Alt 2/3 can be more flexible on CORESET configuration and reuse the current PDCCH structure as much as possible.
Observation 5: With Alt 1-2 or Alt 2, the design of TCI mapping and association between PDCCH candidates is different for TDM and FDM based schemes.
Observation 6: For Alt 1-3, the linked PDCCH candidates should occupy non-overlapped REG bundles.
Observation 7: PUSCH transmission with multiple TPMIs in frequency domain is beneficial for UL codebook based transmission.
Observation 8: Mapping of the 2 spatial filters in time domain can be designed to facilitate the joint processing of two TRPs.
Hence the following proposals are provided,
Proposal 1: Support Option 2 (repetition) for multi-TRP PDCCH transmission.
Proposal 2: To reduce the BD complexity of Option 2 (repetition), association between PDCCH candidates from different TRPs, i.e., Case 1 (explicit linkage), should be supported.
Proposal 3: Support both TDM and FDM for multi-TRP PDCCH transmission.
Proposal 4: For Option 2, slightly prefer Alt 3 or Alt 1-3 to enable two TCI states for PDCCH.
Proposal 5: For PUSCH transmission without repetition, support multiple TPMIs for multiple frequency hops respectively.
Proposal 6: For codebook based PUSCH transmission, support an enhanced TPMI field to indicate two beams for frequency hops/repetitions.
Proposal 7: For non-codebook based PUSCH transmission, SRI field in R15 can be reused to indicate two beams/SRIs for frequency hops/repetitions.
Proposal 8: For non-codebook based PUSCH transmission, the CSI-RS configuration should be enhanced to enable multi-TRP based reception.
Proposal 9: For PUSCH repetition Type A and B, Alt 1 (cyclical mapping pattern) and Alt 2 (sequential mapping pattern) should be supported.
Proposal 10: For PUSCH repetition Type B, support to map the beams to the actual repetitions, i.e., Alt.2. 
Proposal 11: For TDMed PUCCH scheme with multi-TRP/panel reception, support Alt. 1, i.e. both inter-slot repetition and intra-slot repetition / intra-slot beam hopping. 
· Intra-slot repetition can be used for all PUCCH formats.
· Intra-slot beam hopping can be used for PUCCH format 1/3/4 with frequency hopping.
Proposal 12: Support to use one PUCCH resource for multi-TRP based PUCCH transmission.
Proposal 13: For configuration/indication of the number of PUCCH repetitions, support to use Rel-15 liked framework, i.e., Alt. 1.

References
3GPP, “RAN1#102-e Meeting Chairman’s Notes”, August 17th – 28th, 2020. 

Appendix
Table.1 PDCCH evaluation parameters
	Parameters
	Values

	Schemes
	FDM

	AL
	AL8 for single TRP/Option 1
AL4 for Option 2/Option 3/SFN

	# of RBs/symbols
	1 symbols.

	DCI payload
	40+24(CRC)=64

	CCE-to-REG mapping
	Non-interleaved

	REG bundling size
	2

	Precoding assumptions
	Open loop beam cycling

	Receiver assumption
	Soft combining for Option 2;
Separate detection for Option 3

	Blockage model
	10% probability with -10dB blockage per link



Table.2 PUSCH evaluation parameters
	Parameters
	Values

	# of RBs/symbols
	8RB/32RB, 11 symbols

	DMRS pattern
	DM-RS configuration type 1

	# of layers
	1

	Code rates
	0.188/0.43

	Frequency hopping
	No

	UL transmission scheme
	Codebook/Non-codebook PUSCH transmission

	Redundancy Version
	0

	Number of repetitions
	One transmission

	Scheme
	FDM Precoding

	Receiver assumption
	Joint processing
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