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1. [bookmark: _Ref4683067] Introduction 
The objective for this agenda item, stated in [1], is given by
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 this contribution, we continue the discussion of multi-TRP for PDCCH, PUCCH and PUSCH based on the outcome of the RAN1#102e and #103e meetings [2][3].
2. Enhancements on Multi-TRP for PDCCH
In Rel-16, single DCI based Multi-TRP scheme was introduced for ultra-reliable low-latency communication (URLLC). Two PDSCH transmission occasions conveying the same transport block (TB) are transmitted from two TRPs to increase the reliability of downlink data. Resource allocation for two PDSCH transmission occasions can be done by single DCI from one TRP. However, the reliability for PDCCH should be enhanced to fully use the benefit of multi-TRP based URLLC scheme in Rel-16 because the channel from the TRP sending PDCCH can be blocked. As in Figure 1, multiple PDCCH transmissions (PDCCH 0 and PDCCH 1 in the figure) from Multi-TRP using different beams indicating the same allocation information for PDSCH transmission occasions can improve the reliability of PDCCH. These PDCCHs can convey the same DCI or different DCI, but indicate the same resource allocation.


[bookmark: _Ref4682445]Figure 1: PDCCH enhancement for single DCI based Multi-TRP for URLLC 
2.1. PDCCH transmission schemes
At the last RAN1#103-e meeting, the following was agreed for PDCCH transmission schemes with two TCI states.  
	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

Working Assumption
For PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1, support Alt3 (two SS sets associated with corresponding CORESETs).



In this section, we study pros and cons for each alternative to enable a PDCCH transmission with two TCI states. 
2.1.1. Alt 1: One CORESET with two active TCI states
1) Alt 1-1: One PDCCH candidate (in a given SS set) is associated with both TCI states of the CORESET
In this alternative, physical resources in one CORESET are divided into several groups in different levels such as OFDM symbols, REGs, REG bundles, CCEs, and RBs as shown in Figure 2. Each group corresponds to one TRP/TCI state. The biggest advantage for Alt 1-1 is that the UE’s behavior stays the same for blind decoding except that the UE needs to use the corresponding TCI state of each resource group. We also can reuse the existing BD/CCE limits. However, much standard impact is expected for Alt 1-1. We need to introduce two TCI states for a CORESET and also need to map one or two TCI states to a SS set since this CORESET can be shared with other SS sets for S-TRP due to the limited number of CORESETs. In addition, we need to define how to map two TCI states to the PDCCH candidate using different resource level grouping. Additional disadvantage is that performance can be limited when half of one PDCCH candidate is blocked. Also, only OFDM symbol level group can support TDM viable option for a UE who doesn’t support simultaneous reception of multiple beams, but OFDM symbol level grouping can only support the CORESET with duration = 2 symbols.
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[bookmark: _Ref53397711]Figure 2: Alt 1-1: One PDCCH candidate is associated with both TCI states of the CORESET 

2) Alt 1-2 Two sets of PDCCH candidates (in a given SS set) are associated with the two TCI states of the CORESET, respectively
For Alt 1-2, there are two variations depending on how many monitoring occasions we use for each set of PDCCH candidates.
· Single monitoring occasion
Candidates in a monitoring occasion of the given SS set are divided into multiple groups of candidates as shown in Figure 3. In addition, each group corresponds to one TRP. We can achieve the additional reliability by soft combining. For example, we can define a 1:1 mapping of PDCCH candidates for combining. Candidate 0 is mapped to Candidate 2 and Candidate 1 is mapped to Candidate 3 in Figure 3. Similar to Alt 1-1, the UE’s behavior stays the same for blind decoding except that the UE needs to use the corresponding TCI state of each candidate group. If we want to support soft combining, the additional complexity is required, but additional reliability with soft combining can be advantageous for Alt 1-2 with single monitoring occasion. Also, we can get better performance than Alt 1-1 since the UE can still decode the other candidate when one PDCCH candidate is blocked. However, there are also several disadvantages for Alt 1-2 with single monitoring occasion. The alternative leads to less flexible scheduling. Candidate space is reduced by half because a pair of candidates is used by Multi-TRPs for PDCCH transmission. Additionally, we can’t use TDM transmission which is only viable option for a UE who doesn’t support simultaneous reception of multiple beams. Also, this scheme also has much standard impact. We need to introduce two TCI states for a CORESET and also need to map one or two TCI states to a SS set because this CORESET can be shared with other SS sets for S-TRP due to the limited number of CORESETs. Also, we need to define how to map two TCI states to the group of PDCCH candidates. We need to associate the candidates to get more reliability with soft combining. Thus, it is not easy to use more than 2 repetitions.
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[bookmark: _Ref53398820]Figure 3: Alt 1-2 with single monitoring occasion 

· Multiple monitoring occasions
For this alterative, each monitoring occasion of the given SS set corresponds to each TRP. It can be noted that the given SS set for multi-TRP and another SS set for single TRP can be associated together with the same CORESET. In Figure 4, one example of Alt 1-2 with multiple monitoring occasions is shown. In this example, two repeated PDCCHs are transmitted in yellow highlighted monitoring occasions of the SS set A using multi-TRP. The SS set B is used for single TRP (TRP 0 only). Similar to Alt 1-2 with single monitoring occasion, this alternative has better performance than Alt 1-1 and the additional reliability with soft combining. However, this scheme can support TDM transmission as the example in Figure 4, unlike Alt 1-2 with single monitoring occasion. Additionally, it is easy to support more than 2 repetitions. Also, this can support flexible scheduling because the gNB can use the entire search space without any restriction like single TRP. The disadvantage of this alternative is that much standard impact is necessary similar to Alt 1-2 with single monitoring occasion. We need to introduce two TCI states for a CORESET and also need to map one or two TCI states to a SS set because this CORESET can be shared with other SS sets for S-TRP due to the limited number of CORESETs. Also, we need to define how to map two TCI states to each monitoring occasion.


[bookmark: _Ref53400241]Figure 4: Alt 1-2 with multiple monitoring occasions

3) 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 
This alternative is very similar to Alt 1-2 with multiple monitoring occasions. Only difference is that each SS set corresponds to each TRP/TCI state. One example of this alternative is shown in Figure 5. In this example, four repeated PDCCHs are transmitted in yellow monitoring occasions across SS sets. Pros and cons for Alt 1-3 are also very similar to Alt 1-2 with multiple monitoring occasions. However, Alt 1-3 has more flexible configurations by using separate SS sets than Alt 1-2 with multiple monitoring occasions. For this alternative, we also need to define how to map two TCI states to each SS set.


[bookmark: _Ref53407178]Figure 5: Alt 1-3: Two sets of PDCCH candidates are associated with two corresponding SS sets

2.1.2. Alt 2: One SS set associated with two different CORESETs
Alt 2 also has two variations depending on the number of monitoring occasions like Alt 1-2.
1) Single monitoring occasion
One single SS set is associated with two CORESETs. Each CORESET corresponds to each TRP/TCI state for this alternative. Unlike Alt 1, we don’t need to introduce two TCI states for a CORESET. Also, it has flexible scheduling and the additional reliability with soft combining. Since we use two different CORESETs, it is also easy to define per-CORESET BFR using implicit method. As a BFD RS, we use the TCI state of the CORESET. In addition, this scheme also aligns with the design principle for MDCI multi-TRP in Rel-16. Each CORESET maps to the corresponding TRP by CORESETPoolIndex. However, there are several disadvantages for this alternatives. The gNB can have less flexible scheduling because two TRPs are always transmitting PDCCHs in the same monitoring occasion. Also, we can’t use TDM transmission which is only viable option for a UE who doesn’t support simultaneous reception of multiple beams. It also has much standard impact because the current SS set can be associated with only one CORESET. 
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Figure 6: Alt 2 with single monitoring occasion 

2) Multiple monitoring occasions
To overcome the problem to support TDM transmission, we can also use multiple monitoring occasions. Pros and cons are very similar to single monitoring occasion. However, this alternative can support TDM transmission additionally. This has also much standard impact because the current SS set can be associated with only one CORESET. Also, we need to define how to map two TCI states/CORESETs to each monitoring occasion similar to Alt 1-2 with multiple monitoring occasions and Alt 1-3.
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Figure 7: Alt 2 with multiple monitoring occasions 

2.1.3. Alt 3: Two SS sets associated with corresponding CORESETs 
Alt 3 is very similar to Alt 2 with multiple monitoring occasions with more flexibility since each TRP is associated with different SS set and CORESET. This alternative has the same advantages as Alt 2 with multiple monitoring occasions including the support of TDM transmission, the additional reliability with soft combining, per-TRP BFR, and more than 2 repetitions. In addition, we don’t need to map two TCI states/CORESETs to each monitoring occasion or each SS set unlike previous alternatives. We only need to associate two SS sets. Furthermore, each SS set/CORESET can be separately used for S-TRP by introducing the activation/deactivation of association. We believe that Alt 3 can be the best candidate considering the performance and flexible configuration. 


Figure 8: Alt 3: Two SS sets associated with corresponding CORESETs 

Based on the study for all alternatives, we have the following proposal. 
Proposal 1: Confirm the following working assumption. For PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1, support Alt3 (two SS sets associated with corresponding CORESETs).

2.2. Additional issues on PDCCH reliability enhancement
At the last meeting, some additional issues on PDCCH reliability enhancement was proposed for further study. We would like to provide our views on these issue in this subsection. In the following, we assume that the last symbol of the first candidate is transmitted earlier than or equal to the last symbol of the second candidate. 
· Scheduling offset for “timeDurationForQCL” 
This issue is easily resolved if we use symbols where the second PDCCH candidate is transmitted as the reference point. For explicit linkage like case 1, even if the UE doesn’t detect one of the two PDCCHs, the UE knows the location of the other PDCCH candidate. Therefore, there is no problem to determine the symbols of the second candidate.
· Out-of-order / in-order definition for PDCCH-to-PDSCH and PDCCH-to-PUSCH
We need to restrict that the gNB shouldn’t transmit any other PDCCH between the first and the second candidate. This also makes soft combining harder between two candidates. Then, we can treat two candidates as a set to determine out-of-order and in-order.
· DAI for Type-2 codebook
We could use the first or the second candidate as the reference point. But we want to propose to use the second candidate to make it consistent with the scheduling offset for “tiemDurationForQCL”.
· Slot offset  for scheduling the same PDSCH/PUSCH/CSI-RS/SRS
Use the second candidate as the reference point like the above cases. We use the similar approach for MPDCCH repetition in LTE.
· Rate matching PDSCH around the scheduling DCI
As pointed out by Qualcomm, the UE needs to rate match around both candidates irrespective of which one is detected. We don’t see any issue for this.
Based on the above analysis, we would like to propose the followings.
Proposal 2: Use the second candidate as the reference point for scheduling offset for “timeDurationForQCL”, DAI determination for type-2 codebook, and slot offset for scheduling the same PDSCH/PUSCH/CSI-RS/SRS.
Proposal 3: Define that the UE doesn’t expect any other PDCCH between the first and the second candidate of PDCCH repetition for multi-TRP.

2.3. BD limit
The following agreements was also made for Multi-TRP PDCCH at the last RAN1#103-e meeting.  
	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).



Regarding BD limit for PDCCH repetition, we would like to provide our views. Assumption 1 may be used for FDM case, but it should be up to UE implementation in a spec transparent way. Even for this case, we should use 2 BDs. For assumption 4, if PDCCH candidate is repeated, the UE doesn’t have to decode it separately and also jointly. If we allow the gNB to selectively choose to transmit separate PDCCHs in the repeated candidates, it will increase UE complexity. Depending on UE capability, we can use assumption 2 for selection decoding and use assumption 1 or 3 for soft combining. We believe that this issue can be quite controversial because it depends on UE’s architecture. All in all, PDCCH repetition scheme has been used since LTE, but we don’t have any special exception for BD/CCE limit. 
Proposal 4: Do not define new BD/CCE limit for multi-TRP PDCCH enhancement. Leave it to UE implementation. 

2.4. Intra-slot and Inter-slot repetition
The following was also proposed for intra-slot and inter-slot repetition at the last RAN1#103-e meeting.  
	Updated FL Proposal 1: For PDCCH reliability enhancements with Option 2 + Case 1, at least support intra-slot and inter-slot repetition.
· FFS: Whether inter-slot repetition in consecutive slots is supported additionally.
· For inter-slot repetition, FFS whether consecutive slots should be used.



We believe that both intra-slot and inter-slot TDM should be supported because two approaches have different use cases. Thus, we have the following proposal. Basically, we support updated proposal 1 and can discuss the details on in at this meeting.
Proposal 5: Support updated FL proposal 1. Both intra-slot and inter-slot TDM can be supported for different use cases.

2.5. PUCCH resource determination
The following was also proposed for PUCCH resource determination at the last RAN1#103-e meeting.  
	Updated FL Proposal 2: When DL DCI is transmitted via PDCCH repetition (Option2 + Case 1), a fixed rule will be defined to determine the for PUCCH resource determination for HARQ-Ack when the corresponding PUCCH resource set has a size larger than eight: 
· Alt 1: Ensure same start CCE index (based on linking options) and the same number of CCEs in the two CORESETs (based on CORESET configuration restriction)
· Alt 2: Starting CCE index and number of CCEs in the CORESET of one of the linked PDCCH candidates is applied
· FFS:  Which one of the linked PDCCH candidates is used.
· Alt 3: It is up to the UE to determine the PUCCH resource based on the starting CCE index and number of CCEs in the CORESET of any of the two linked PDCCH candidates



This issue is related to not only PUCCH resource determination but also blind decoding complexity. If we allow flexible configurations for two SS sets and two CORESETs, it will greatly increase the blind decoding complexity a lot. Like the MPDCCH configuration in LTE, many parameters for two SS sets and CORESETs should be the same. We will discuss this issue in the next subsection. For PUCCH resource determination, we have the following proposal. 
Proposal 6: Support Alt 1 to reduce the UE’s blind decoding complexity. 

2.6. Configurations for two SS sets and CORESETs
Each TRP can transmit a PDCCH in the corresponding CORESET. To get the benefit of combining gain, we need to associate two search space sets which are mapped onto two different CORESETs for PDCCH repetition. The gNB can transmit the same payload of DCI using PDCCH candidates with the same index (= ) and the same aggregation level L in two associated search space sets A and B for a serving cell corresponding to . We also need to use the same configurations such as duration, nrofCandidates, monitoringSymbolsWithinSlot for two associated search space sets and cce-REG-MappingType, duration, the number of RBs for two corresponding CORESETs in order to reduce the complexity of blind decoding at the UE. Since the UE can move around a cell, the UE may not be in a good region to be served with multi-TRP operation. Therefore, we can introduce new MAC CE to activate/deactivate the association of search space sets for PDCCH repetition in order to avoid unnecessary combing at the UE. When deactivated, the PDCCH candidates in a PDCCH tuple are treated independently, i.e., the PDCCH candidates can be unused or used to transmit a PDCCH scheduling a distinct TB. The gNB also can use these search space sets flexibly for other usages other than PDCCH repetition. 
Proposal 7: Associate two search space sets which are mapped onto two different CORESETs for PDCCH repetition. 
· Use the same configurations such as duration, nrofCandidates, monitoringSymbolsWithinSlot for two associated search space sets and cce-REG-MappingType, duration, the number of RBs for two corresponding CORESETs
· Transmit the same payload of DCI using PDCCH candidates with the same index (= ) and the same aggregation level L in two associated search space sets A and B
Proposal 8: Introduce new MAC CE to activate/deactivate the association of two search space sets for PDCCH repetition. 

3. Enhancements on Multi-TRP for PUCCH/PUSCH
3.1. PUCCH Transmission with Multi-TRP
In the RAN1#103e meeting, one of the agreements for PUCCH is as below [3]:
	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.
Agreement
For multi-TRP PUCCH transmission schemes,
· For Scheme 1, at least PUCCH format 1/3/4 can be used. 
· FFS: Support of PUCCH format 0/2 for Scheme 1 
FFS: Support of PUCCH formats for Scheme 2 and/or Scheme 3 (if schemes are agreed).



Inter-slot repetition can support high reliability but has the disadvantage of high latency. In order to simultaneously support low latency and combat blockage, intra-slot repetition and intra-slot beam hopping can be considered. Due to the limitation of NR polar code’s rate matching capability, encoding/rate matching based on one repetition/beam hop is more robust to blockage than encoding/rate matching over all repetitions/beam hops. In addition, a unified solution for all PUCCH formats is preferable, so encoding/rate matching should be based on one repetition for intra-slot repetition and one beam hop for intra-slot beam hopping.
Proposal 9: Encoding/rate matching should be based on one repetition for intra-slot repetition and one beam hop for intra-slot beam hopping, if supported.
Intra-slot repetition does not need to support more than two repetitions since the induced delay allows to switch to a larger subslot or to inter-slot repetition. Then, from the perspective of reliability, there is no difference between intra-slot beam hopping and intra-slot repetition. For UEs not supporting sub-slot operation, intra-slot beam hopping can be specified to achieve lower latency and the specification impact is less than intra-slot repetition. 
Proposal 10: Multi-TRP intra-slot beam hopping is supported for all PUCCH formats.
· FFS Required guard period for beam switching
From the perspective of latency, intra-slot repetition can achieve lower latency than intra-slot beam hopping if the repetitions can be transmitted across slots. The reason is that a UCI can be transmitted starting from the middle or the end of a slot. However, the support of intra-slot repetition should be consistent for single-TRP and multi-TRP. We propose to determine the support of intra-slot repetition based on the outcome of R17 URLLC/IIoT WI.
Proposal 11: Multi-TRP intra-slot repetition for PUCCH is supported if and only if sub-slot based PUCCH repetition is agreed in R17 URLLC/IIoT WI.
In the RAN1#103e meeting, we also have the following agreement on power control for PUCCH [3]:
	Agreement
For PUCCH multi-TRP enhancements in FR2, 
· Support separate power control parameters for different TRP via associating power control parameters via PUCCH spatial relation info. 
· Note: No spec impact.
· For per TRP closed-loop power control for PUCCH, further study the following alternatives considering TPC command when the “closedLoopIndex” values associated with the two PUCCH spatial relation info’s are not the same.  
· Option.1: A single TPC field is used in DCI formats 1_1 / 1_2, and the TPC value applied for both PUCCH beams
· Option.2: A single TPC field is used in DCI formats 1_1 / 1_2, and the TPC value applied for one of two PUCCH beams at a slot. The TPC value may be applied for the other PUCCH beam at an another slot.
· Option 3: A second TPC field is added in DCI formats 1_1 / 1_2.
· Option 4: A single TPC field is used in DCI formats 1_1 / 1_2, and indicates two TPC values applied to two PUCCH beams, respectively.
· FFS: Transition period for beam / power / frequency change. 
· FFS: Required power control enhancements for FR1



Since a TPC command for scheduled PUCCH in DCI formats 1_1 / 1_2 requires only 2 bits, the overhead of 2 additional bits should be acceptable. Both Option 3 and Option 4 can have full flexibility in signaling TPC commands. We prefer Option 3 more than Option 4.
Proposal 12: Option 3, i.e., a second TPC field is added in DCI formats 1_1 / 1_2, is supported for per TRP closed-loop power control for PUCCH.
In the RAN1#103e meeting, we also have the following agreement for PUCCH [3]:
	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. 



In order to adapt to channel variation with flexible and efficient scheduling, dynamic indication of number of PUCCH repetitions should be supported, at least for inter-slot repetition. 
Proposal 13: Support dynamic indication of number of PUCCH repetitions, at least for inter-slot repetition.

3.2. PUSCH Transmission with Multi-TRP
In the RAN1#103e meeting, we have the following agreement on power control for PUSCH [3]:
	Agreement
For PUSCH multi-TRP enhancements, 
· For per TRP closed-loop power control for PUSCH, further study the following alternatives when the “closedLoopIndex” values are different.  
· Option.1: A single TPC field is used in DCI formats 0_1 / 0_2, and the TPC value applied for both PUSCH beams
· Option.2: A single TPC field is used in DCI formats 0_1 / 0_2, and the TPC value applied for one of two PUSCH beams at a slot. 
· Option 3: A second TPC field is added in DCI formats 0_1 / 0_2.
· Option 4: A single TPC field is used in DCI formats 0_1 / 0_2, and indicates two TPC values applied to two PUSCH beams, respectively.
FFS: Transition period for beam / power / frequency change.



Since a TPC command for scheduled PUSCH in DCI formats 0_1 / 0_2 requires only 2 bits, the overhead of 2 additional bits should be acceptable. Both Option 3 and Option 4 can have full flexibility in signaling TPC commands. We prefer Option 3 more than Option 4.
Proposal 14: Option 3, i.e., a second TPC field is added in DCI formats 0_1 / 0_2, is supported for per TRP closed-loop power control for PUSCH.
In the RAN1#103e meeting, we have the following agreement on CG PUSCH [3]:
	Agreement
Support both type 1 and type 2 CG PUSCH transmission towards MTRP. Further study the following alternatives, 
· Alt.1 : single CG configuration 
· Repetitions of a TB transmitted towards MTPR on multiple PUSCH transmission occasions of single CG configuration.
· At least for codebook-based CG PUSCH, support configuring 2 SRIs/TPMIs. 
· Alt.2 : multiple CG configurations 
· Repetitions of a TB transmitted towards MTRP on more than one PUSCH transmission occasions, where one or more transmission occasions are from one CG configuration and another one or more PUSCH transmission occasions are from another CG configuration.
· 1 SRI/TPMI is configured/indicated for each CG configuration.
Further study required beam mapping principals, low overhead mechanisms for beam selection, and other enhancements for Alt.1 and Alt.2



Technically both Alt. 1 and Alt. 2 can work for specifying CG PUSCH transmission towards multi-TRP, but Alt. 2 requires more specification effort. For Alt. 2, a certain association between multiple CG configurations needs to be specified so that the UE knows that it should use these CGs to transmit the same TB. Such association is expected to take lots of discussion. Furthermore, it is not implementation friendly to have arbitrary flexibility, so we need to discuss restrictions on the bundled CG configurations. On the other hand, for Alt. 1 it suffices to identify which fields need to be enhanced to support multi-TRP. The identified changes for single-DCI based PUSCH transmission can be referred, so the required specification effort is expected to be less than Alt. 2.
Proposal 15: Single CG configuration is adopted to support CG PUSCH transmission towards multi-TRP.
4. Conclusion
In summary, based on the above discussion we have the following observations and proposals:
Proposal 1: Confirm the following working assumption. For PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1, support Alt3 (two SS sets associated with corresponding CORESETs).
Proposal 2: Use the second candidate as the reference point for scheduling offset for “timeDurationForQCL”, DAI determination for type-2 codebook, and slot offset for scheduling the same PDSCH/PUSCH/CSI-RS/SRS.
Proposal 3: Define that the UE doesn’t expect any other PDCCH between the first and the second candidate of PDCCH repetition for multi-TRP.
Proposal 4: Do not define new BD/CCE limit for multi-TRP PDCCH enhancement. Leave it to UE implementation. 
Proposal 5: Support updated FL proposal 1. Both intra-slot and inter-slot TDM can be supported for different use cases.
Proposal 6: Support Alt 1 to reduce the UE’s blind decoding complexity. 
Proposal 7: Associate two search space sets which are mapped onto two different CORESETs for PDCCH repetition. 
· Use the same configurations such as duration, nrofCandidates, monitoringSymbolsWithinSlot for two associated search space sets and cce-REG-MappingType, duration, the number of RBs for two corresponding CORESETs
· Transmit the same payload of DCI using PDCCH candidates with the same index (= ) and the same aggregation level L in two associated search space sets A and B
Proposal 8: Introduce new MAC CE to activate/deactivate the association of two search space sets for PDCCH repetition. 
Proposal 9: Encoding/rate matching should be based on one repetition for intra-slot repetition and one beam hop for intra-slot beam hopping, if supported.
Proposal 10: Multi-TRP intra-slot beam hopping is supported for all PUCCH formats.
· FFS Required guard period for beam switching
Proposal 11: Multi-TRP intra-slot repetition for PUCCH is supported if and only if sub-slot based PUCCH repetition is agreed in R17 URLLC/IIoT WI.
Proposal 12: Option 3, i.e., a second TPC field is added in DCI formats 1_1 / 1_2, is supported for per TRP closed-loop power control for PUCCH.
Proposal 13: Support dynamic indication of number of PUCCH repetitions, at least for inter-slot repetition.
[bookmark: _GoBack]Proposal 14: Option 3, i.e., a second TPC field is added in DCI formats 0_1 / 0_2, is supported for per TRP closed-loop power control for PUSCH.
Proposal 15: Single CG configuration is adopted to support CG PUSCH transmission towards multi-TRP.
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Introduction 


 


The objective for this agenda item, stated in [1], is given by


 


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 this contribution,


 


we 


continue the discussion of 


multi


-


TRP for PDCCH, PUC


CH and PU


S


CH


 


based on the 


outcome of 


the RAN1


#102e and 


#10


3


e meeting


s [2][3]


.


 


2.


 


Enhancements on Multi


-


TRP for PDCCH


 


In Rel


-


16, single DCI based M


ulti


-


TRP scheme was introduced for ultra


-


reliable low


-


latency communication 


(URLLC). Two PDSCH transmission occasions conveying the same transport block (TB) are transmitted from 


two TRPs to increase the reliability of downlink data. Resource allocation for tw


o PDSCH transmission 


occasions can be done by single DCI from one TRP. However, the reliability for PDCCH should be enhanced 


to fully use the benefit of multi


-


TRP based URLLC scheme in Rel


-


16 because the channel from the TRP 


sending PDCCH can be blocked. 


A


s in 


Figure 


1


, m


ultiple PDCCH transmissions (PDCCH 0 and PDCCH 1 in 


the figure) from M


ulti


-


TRP using different beams indicating the same allocation informa


tion for PDSCH 


transmission occasions can improve the reliability of PDCCH.


 


These PDCCHs can convey the same DCI or 


different DCI, but indicate the same resource allocation.
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Figure 


1


: 


PDCCH enhancement 


for single DCI based Multi


-


TRP for URLLC 


 


2.1.


 


PDCCH transmission schemes


 


At the last RAN1#103


-


e meeting, the following was agreed for PDCCH transmission schemes with two TCI 


states.  


 


Agreement


 


For PDCCH reliability enhancements with non


-


SFN schemes, support a


t least Option 2 + Case 1.
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