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1. [bookmark: _Ref4683067] Introduction 
In the RAN1#102e meeting, the EVM and a more detailed scope for PDCCH, PUSCH, and PUCCH enhancement using multi-TRP are agreed [1]. In the agreements, various multi-TRP schemes are listed for further study. In this contribution, we provide our views on these multi-TRP schemes and express our preference.
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#102-e meeting, the following was agreed for PDCCH transmission schemes with two TCI states.  
	Agreement
To enable a PDCCH transmission with two TCI states, study pros and cons of the following alternatives:
· Alt 1: One CORESET with two active TCI states
· Alt 2: One SS set associated with two different CORESETs
· Alt 3: Two SS sets associated with corresponding CORESETs
· At least the following aspects can be considered: multiplexing schemes (TDM / FDM/ SFN / combined schemes), BD/CCE limits, overbooking, CCE-REG mapping, PDCCH candidate CCEs (i.e. hashing function), CORESET / SS set configurations, and other procedural impacts.
Agreement
For Alt 1 (one CORESET with two active TCI states), study the following 
· Alt 1-1: One PDCCH candidate (in a given SS set) is associated with both TCI states of the CORESET.
· Alt 1-2: Two sets of PDCCH candidates (in a given SS set) are associated with the two TCI states of the CORESET, respectively 
· Alt 1-3: Two sets of PDCCH candidates are associated with two corresponding SS sets, where both SS sets are associated with the CORESET and each SS set is associated with only one TCI state of the CORESET 
· Note 1: A set of PDCCH candidates contain a single or multiple PDCCH candidates, and a PDCCH candidate in a set corresponds to a repetition or chance
· Note 2: How one or more PDCCH candidates are counted for monitoring (for BD limit) is FFS 
· The note is applicable also to other alternatives  



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: To enable a PDCCH transmission with two TCI states, support Alt 3 as the first preference. Also, we can support Alt 1-2 with multiple monitoring occasions and Alt 1-3 as the second preference. 

2.2. Other aspects on enhancements for Multi-TRP PDCCH
The following agreements was also made for Multi-TRP PDCCH at the last RAN1#102-e meeting.  
	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.

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.

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 



2.2.1. Multiplexing schemes
For PDCCH transmission, we use single port transmission to enhance the reliability since PDCCH reliability is more important than other signals and channels. In order to reduce the inter-TRP interference, we think TDM can be good candidate for multi-TRP PDCCH transmission. Also, we can reduce the UE complexity if we use TDM. TDM can be also used in both FR1 and FR2 for the UE who can only support one Rx beam at a time. One can argue that TDM may lead to large latency. However, if we use a CORESET with 1 symbol duration for intra-slot TDM, only 2 symbols are required for PDCCH transmission. The gNB can flexibly use different configurations for different target applications by using TDM.  
Proposal 2: For enhancement on MTRP PDCCH, TDM should be prioritized in order to relax the UE complexity.
Depending on use cases, we believe both intra-slot and inter-slot TDM can be useful. For example, we can use intra-slot TDM for low latency application. We could use inter-slot TDM with more than 2 repetitions for the application which requires more reliability and less critical latency.
Proposal 3: Both intra-slot and inter-slot TDM can be supported for different use cases.

2.2.2. Repetition / Soft combining
We think options (1, 2, and 3) and cases (1 and 2) are dependent issues in agreements of the last meeting. Different applications can have various reliability requirements. We believe that soft combining with multiple (more than 2) repetitions could provide these requirements flexibly. In order to support soft combining, we need to use option 2 (repetition) and case 1 (explicit linkage). If we don’t introduce soft combining with multiple repetition, we may limit the capability of powerful UE. UE without the capability of soft combining can just use multi-chance (or selection) decoding even if we define repetition and explicit linkage. In addition, it can be beneficial if the gNB can flexibly choose different configurations (repetition number, inter/intra-slot TDM, etc) depending on UE capability, channel environment, and different applications. Therefore, we have the following proposal.
Proposal 4: Support Option 2 (Repetition) and Case 1 (Explicit linkage) to use soft combining which provides performance gain.

3. Enhancements on Multi-TRP for PUSCH/PUCCH
3.1. TA enhancement
In the RAN1#102e meeting, it was discussed whether to consider TA enhancement in this agenda. Based on the agreed simulation assumptions, here we provide an analysis on necessity of TA enhancement. It was agreed that maximum pathloss difference between two TRPs is 6 dB. This parameter limits the effective range for multi-TRP operation, which also depends on inter-site distance (ISD) and pathloss exponent of the pathloss model. Given the effective range, we can determine the maximum difference of propagation delays towards two TRPs. Note that the larger the effective range, the larger the maximum difference of propagation delays towards two TRPs. If the timing difference is larger than the used cyclic prefix, then TA enhancement would be required.
The agreed EVM focuses on the following evaluation scenarios: Urban macro (only FR1) and indoor hotspot/factory automation (FR1 and FR2). In TS 38.901, the ISD for urban macro and for indoor hotspot/ factory automation are 500 meters and 20 meters, respectively. The distance-dependent pathloss exponents for both urban macro and for indoor hotspot are larger than 20. For simplicity, we use the value 20 in the analysis. The reason to consider a smaller value is that the lower the pathloss exponent, the larger the effective range and thus the larger the difference of propagation delays.


Figure 9: Effective range of multi-TRP operation
To facilitate exposition, we consider the simplified case where a UE and the two TRPs are on the same line, as shown in Figure 9. We remark that a similar conclusion can be drawn for the general case. We denote , by  the distance of the UE towards TRP 1, by  the pathloss gap, and by  the pathloss exponent. Then, the distance of the UE towards TRP 2 is . The formula for pathloss gap is given by . Then, the effective range of multi-TRP operation can be expressed as 
.
After dividing the effective range by speed of light, we have the maximum difference of propagation delay towards two TRPs. For , , the maximum timing difference is 0.554s. As for , , the maximum timing difference is 0.022s. By comparing with values in Table 1, we observe that TA enhancement for multi-TRP is unnecessary for the considered scenarios of interest. Note that only FR1 is considered for the urban macro scenario.
	Subcarrier spacing (kHz)
	15
	30
	60
	120

	NCP length (μs)
	4.69
	2.34
	1.17
	0.59


Table 1: Length of normal cyclic prefix (NCP) for different values of subcarrier spacing 
Observation 1: TA enhancement for multi-TRP is unnecessary for the considered scenarios of interest.
Proposal 5: TA enhancement is not further discussed in Agenda “Enhancements on Multi-TRP for PDCCH, PUCCH and PUSCH”.
3.2. PUCCH Transmission with Multi-TRP
In the RAN1#102e meeting, one of the agreements for PUCCH is as below [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



First, we discuss whether to use multiple PUCCH resources to repeat the same UCI. Although using multiple PUCCH resources provides flexibility in scheduling, it is unclear what kind of use case requires such flexibility under the risk of additional implementation complexity. Furthermore, if UCI can be transmitted on multiple PUCCH resources, it may complicate UCI multiplexing. For example, assume UCI 1 is scheduled on PUCCH resources 0 and 1, and UCI 2 is scheduled on PUCCH resource 2. If PUCCH resource 0 is overlapped with PUCCH resource 2 in time, then the following alternatives need to be discussed in RAN1:
1) Drop UCI 2;
2) UCI 1 and UCI 2 are multiplexed and transmitted on a new PUCCH resource and PUCCH resource 1 is not transmitted;
3) UCI 1 and UCI 2 are multiplexed and transmitted on a new PUCCH resource but PUCCH resource 1 is still transmitted;
4) UCI 1 and UCI 2 are multiplexed and transmitted on two new PUCCH resources.
Without a clear use case that cannot be done by other simpler solutions, it is undesirable to work towards a direction that can have many alternatives. Considering the huge specification effort, we prefer not to use multiple PUCCH resources to repeat the same UCI.
Proposal 6: Use of multiple PUCCH resources to repeat the same UCI is not supported in R17.
In contrast, it suffices to identify which configuration(s) in a PUCCH resource should be different or independent. Then, we can simply introduce a second set of parameters to be additionally configured for a PUCCH resource.
Next, we discuss the various TDMed PUCCH schemes. Since inter-slot repetition for PUCCH is already supported in R15, it is straightforward to extend the feature to support multi-TRP operation. In the current NR, inter-slot repetition is only supported for long PUCCH formats 1, 3, and 4. One reason is that we can switch to long PUCCH formats if the reliability of short PUCCH formats 0 and 2 is insufficient. The same reasoning is applicable to multi-TRP as well, so we have the following proposal for inter-slot repetition:
Proposal 7: Inter-slot repetition using multi-TRP is supported by single PUCCH resource and only for PUCCH formats 1, 3, 4.
Inter-slot repetition can support high reliability but has the disadvantage of long 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.
Intra-slot repetition does not need to support more than two repetitions since we may switch to a larger subslot or to inter-slot repetition. Then, the remaining difference between intra-slot repetition and intra-slot beam hopping is whether to align with sub-slot boundary. In this case, intra-slot beam hopping is more suitable for low latency since there can be two beams in a slot or subslot, while intra-slot repetition requires two subslots.
Proposal 8: Intra-slot beam hopping using multi-TRP is supported for all PUCCH formats, where encoding/rate matching is based on the first beam hop.
In the RAN1#102e meeting, we also have the following agreement for PUCCH [1]:
	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 



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 9: Support dynamic indication of number of PUCCH repetitions, at least for inter-slot repetition.

3.3. PUSCH Transmission with Multi-TRP
In the RAN1#102e meeting, we have the following agreement for PUSCH [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.



In our opinion, both single-DCI and multi-DCI based schemes can work for extending multi-TRP operation to PUSCH. Since single-DCI based scheme(s) is already agreed in RAN1#102e, we do not see the need to spend more time and effort on multi-DCI based PUSCH transmission/repetition scheme(s). 
Proposal 10: Multi-DCI based PUSCH transmission/repetition scheme(s) is not supported in R17.
Most DCI fields can be shared by the two links towards different TRPs. For example, MCS can be the same since the objective is on robustness instead of spectral efficiency. In addition, the link qualities towards different TRPs should be similar so that multi-TRP operation can be effective. By acting slightly conservative on MCS selection at gNB side, it suffices to have one MCS. Next, resource allocation can also be the same. Normally, we expect data requiring reliability and robustness should have higher scheduling priority. Then, it is fine to apply the same resource allocation for both TRPs and the resources for other low-priority data can be adjusted accordingly. 
Proposal 11: All repetitions use the same number of layers. FFS maximum number of layers per repetition.
Still, some DCI fields should be independent for each TRP: Precoding and power control. First, since mostly two TRPs are at different locations, the matching precoders are naturally independent from each other. Next, it is possible that a first TRP serves a large cell and a second TRP serves a small cell. Even if the distances towards two TRPs are similar, the UE can be close to cell center for one cell but at cell edge for the other cell. Then, the power control should be performed independently. Considering independent precoding and power control, we have the following proposal: 
Proposal 12: Only the following DCI fields are indicated independently for two PUSCH repetitions towards different TRPs: SRI, precoding information, TPC command, OLPC parameter set indication.
In the RAN1#102e meeting, we also have the following agreement for PUSCH [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.4: 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. 



On the mapping between PUSCH repetitions and beams, we think the existing R16 design for PDSCH can be reused. The R16 single-DCI based multi-TRP supports both cyclical mapping and sequential mapping, so these two mappings can be applied to PUSCH repetition types A and B as well. On the other hand, we do not see the need of the half-half pattern unless a switching gap for beam hopping is required for UL. 
Proposal 13: Cyclical and sequential mapping patterns are supported for single-DCI based multi-TRP PUSCH repetition Type A and Type B.
As for the PUSCH repetition Type B, beams can be mapped to nominal repetitions, same as frequency hopping.
Proposal 14: For PUSCH repetition Type B, beams are mapped to nominal repetitions.

3.4. Evaluation Results for Multi-TRP PUSCH
We have performed preliminary evaluation for multi-TRP PUSCH assuming two repetitions. The detailed simulation assumptions can be found in Table 2.
	Parameters
	Values

	Simulation scenario
	Indoor hotspot

	Carrier frequency
	30 GHz

	Subcarrier spacing
	120 kHz

	Channel model
	CDL-A, delay spread 20ns

	UE speed
	3 km/h

	Path-loss modeling
	x dB gap between TRPs, where x is given in the figures

	Blockage model
	[bookmark: _Hlk49164794]10 dB power offset with probability 0.1 per TRP

	Target BLER
	10^-3

	# of RBs/symbols
	16 RBs, 4 symbols 

	# of layers
	1

	Modulation
	QPSK

	Code rate
	379/1024

	Frequency hopping
	Disabled

	UL transmission scheme
	Codebook based

	Number of repetitions
	2

	Redundancy version
	0 for 1st repetition, x for 2nd repetition, where x is given in the figures

	Scheme
	Inter-slot TDM

	Channel estimation
	Perfect

	Receiver assumption
	MMSE

	BS antenna configuration
	2 antenna ports
(4, 8, 2, 1, 1

	UE antenna configuration
	2 antenna ports
2, 4, 2, 1, 1

	BS antenna pattern
	Table A.2.1-6 in TR 38.802

	UE antenna pattern
	Table A.2.1-8 in TR 38.802


Table 2: Simulation assumptions for PUSCH
Figure 10 compares the different pathloss gaps and RVs between TRPs. From the left figure we see that for target BLER lower than 0.1, the BLER performance of multi-TRP outperforms single-TRP, even if the pathloss gap is as large as 6 dB. On the other hand, from the right figure we see that RV order 0, 3 has the best performance since a) RV 3 is self-decodable but not RV 2; and b) RV order 0, 3 can benefit from more coding gain compared with RV order 0, 0. Finally, we note that there is a probability 0.01 that both TRPs suffer from blockage. Thus, there is a tradeoff between self-decodability and coding gain, depending on the target BLER. 
[image: ] [image: ]
Figure 10: Comparison of pathloss gaps and RVs for PUSCH repetition over two TRPs
4. Conclusion
In summary, based on the above discussion we have the following observations and proposals:
Observation 1: TA enhancement for multi-TRP is unnecessary for the considered scenarios of interest.
Proposal 1: To enable a PDCCH transmission with two TCI states, support Alt 3 as the first preference. Also, we can support Alt 1-2 with multiple monitoring occasions and Alt 1-3 as the second preference. 
Proposal 2: For enhancement on MTRP PDCCH, TDM should be prioritized in order to relax the UE complexity.
Proposal 3: Both intra-slot and inter-slot TDM can be supported for different use cases.
[bookmark: _GoBack]Proposal 4: Support Option 2 (Repetition) and Case 1 (Explicit linkage) to use soft combining which provides performance gain.
Proposal 5: TA enhancement is not further discussed in Agenda “Enhancements on Multi-TRP for PDCCH, PUCCH and PUSCH”.
Proposal 6: Use of multiple PUCCH resources to repeat the same UCI is not supported in R17.
Proposal 7: Inter-slot repetition using multi-TRP is supported by single PUCCH resource and only for PUCCH formats 1, 3, 4.
Proposal 8: Intra-slot beam hopping using multi-TRP is supported for all PUCCH formats, where encoding/rate matching is based on the first beam hop.
Proposal 9: Support dynamic indication of number of PUCCH repetitions, at least for inter-slot repetition.
Proposal 10: Multi-DCI based PUSCH transmission/repetition scheme(s) is not supported in R17.
Proposal 11: All repetitions use the same number of layers. FFS maximum number of layers per repetition.
Proposal 12: Only the following DCI fields are indicated independently for two PUSCH repetitions towards different TRPs: SRI, precoding information, TPC command, OLPC parameter set indication.
Proposal 13: Cyclical and sequential mapping patterns are supported for single-DCI based multi-TRP PUSCH repetition Type A and Type B.
Proposal 14: For PUSCH repetition Type B, beams are mapped to nominal repetitions.
5. References
[1] Chairman’s Notes, RAN1 #102e, e-Meeting, Aug. 2020.
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