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1	Introduction
In RAN1#102e,  the topic of PDCCH, PUSCH, and PUCCH enhancements by the use of multi-TRP in NR Rel-17 was first discussed. Some agreements were reached on evaluation assumptions and on some high level scopes for further study. 
In this contribution, we discuss some details on PDCCH, PUSCH, and PUCCH enhancements with multi-TRP and show some additional evaluation results.
[bookmark: _Ref178064866]2	Discussion
The main motivation of using multiple TRPs is to achieve diversity. In FR1, diversity is utilized to prevent outages due to mainly fast fading. In FR2, channel blocking of the narrow beam between a TRP and UE is typically the issue addressed with the introduction of diversity, in order to maintain a continuous link. This is highly important for high reliability services such as controlling a manufacturing robot in a factory.   Enhancements introduced in Rel-17 should be compatible with the Multi-TRP PDSCH schemes and PUSCH repetition schemes specified in Rel-16.
It is also desirable to have a single scheme for m-TRP robustness for PDCCH, PUCCH and PUSCH respectively that perform well in both FR1 and FR2. 
2.2 PDCCH enhancements with multiple TRPs
In the last RAN1 meeting, the following agreements were reached on PDCCH enhancement options/alternatives for further study [2]. In the following subsections, we will discuss these options/alternatives and our views.
[bookmark: _Hlk54086575]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 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 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 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 
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 Single PDCCH vs. PDCCH Repetition
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.

In the last meeting, various PDCCH enhancements were proposed. Fundamentally, it comes down to one of the two PDCCH transmission options, i.e., single-PDCCH approach vs multi-PDCCH approach. 
Single PDCCH approach (i.e., Option 1. no repetition):
In the single-PDCCH approach, a DCI is encoded, rate matched, modulated, and mapped to a PDCCH candidate resource. The PDCCH candidate is divided into multiple resource sets, each resource set is associated with a different TCI state.  The PDCCH in each resource set is transmitted from a TRP associated with the TCI state.  The resource of a PDCCH candidate may be divided in in frequency domain (e.g., REG bungles, CCEs, REGs), in time domain (e.g., different OFDM symbols), or in both time and frequency domain. The main benefit is receiver simplicity as a single PDCCH is received for a given DCI and large part of the legacy implementations may be reused. 
However, partitioning a PDCCH candidate resource into multiple resource sets is not trivial as different partitions can have drastically different performance in presence of channel blocking.  To compare PDCCH decoding performance with different resource partitions, we have evaluated various partition patterns. An example is shown in Figure 1, where 5 REG bundle based partition patterns between two TRPs are illustrated for a single PDCCH with AL=8. For simplicity, a CORESET with a single OFDM symbol is assumed. It is assumed that at any time one TRP is blocked by 20dB. Other assumptions can be found in Appendix A.  
The evaluation results are shown in Figure 2 for AL=8.  It can be seen that the performance with patterns #4 and #5 is quite poor; pattern #5 almost does not work at all.  Patterns #1 and #3 perform similar and are the best among the 5 patterns.  Thus, we have the following observation:
The performance of single PDCCH approach depends very much on the resource partitions between two TRPs. Different partitions can lead to drastically different performance.
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[bookmark: _Ref54079552]Figure 1: Different partition patterns of a single PDCCH  with AL=8 between two TRPs.
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[bookmark: _Ref54080263]Figure 2: Performance of  a single PDCCH transmitted over two TRPs with different resource partition patterns shown in Figure 1. AL=8, 40bits+CRC DCI payload.
To understand the above behavior of single PDCCH approach, the coded PDCCH bits of the above example after rate matching are shown in Figure 3.  It can be seen that many coded bits appear twice in this case due to the low code rate.  Ideally, if every coded bit appear twice after rate matching, the same set of coded bits should be transmitted in each of the two TRPs so that if one TRP is blocked, the PDCCH received from the other TRP can still be decoded.  
[image: ]
[bookmark: _Ref54080979]Figure 3:  Coded PDCCH bits after rate matching, AL=8, 40bits+CRC DCI payload.
For  patterns #1 and #5 above, the corresponding partitions of coded bits between two TRPs are shown in Figure 4.  It can be seen that for pattern #1, it distributes the bits more evenly between two TRPs, so that the transmission from each TRP contains almost all the coded bits once. For pattern #5 though, it distributes the coded bits unevenly among the two TRPs, allocating many coded bits twice to a same TRP while puncturing out some other coded bits from each TRP.  It is expected that if one TRP in blocked, it is hard to decode the PDCCH received from the other TRP as it contains only about half of the coded bits. 
For single PDCCH approach, good performance can only be achieved when the coded bits are evenly distributed between two TRPs in case of channel blocking. 
(a) Pattern #1
(b) Pattern #5

[bookmark: _Ref54081895]Figure 4: Coded bits transmitted from two TRPs, (a) pattern #1, (b) pattern #5. 
Next we show another example with the same DCI payload size, but with AL=4.  Similar partition patterns are evaluated, they are shown in Figure 5. The performance of the 5 partition patterns is shown in Figure 6. In this case, pattern#1 performs the worst and pattern #2 performs the best. The reason is that in this case, the code rate is doubled compared to AL=8 and there is no coded bit transmitted twice as shown in Figure 7.  In this case, for pattern #1, more important coded bits are likely concentrated to one TRP and in case that TRP is blocked, poor decoding performance is expected. With pattern #2, the coded bits are more evenly distributed between two TRPs and a better performance is seen.
For single PDCCH approach, the best partition pattern is aggregation level and DCI payload size dependent. 
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[bookmark: _Ref54082870]Figure 5: Different partition patterns of a single PDCCH  with AL=4 between two TRPs.
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[bookmark: _Ref54122037]Figure 6: Performance of  a single PDCCH transmitted over two TRPs with different resource partition patterns in Figure 5, AL=4, 40bits+CRC DCI payload.
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[bookmark: _Ref54083585]Figure 7: coded PDCCH bits for AL=4, 40bits+CRC DCI payload.
Given the above observation, it seems to be challenging to design good partitions or TCI state mappings to cover all aggregation levels and DCI payload sizes for the single PDCCH approach.
[bookmark: _Toc54396640]For single PDCCH approach, further study is needed on resource partitions between two TRPs and their impact on PDCCH performance.
Multi-PDCCH approach (i.e., Option 2. PDCCH repetition):
In the multi-PDCCH approach, a DCI is encoded, rate matched, modulated, and mapped to a PDCCH candidate resource allocated to each TRP. The same PDCCH is transmitted from each TRP on PDCCH resource allocated to the TRP. In other words, the PDCCH is repeated from different TRPs (or in specification language, reception with different TCI states). Depending on the resource allocation to each TRP, the repetition can be in either FDM or TDM manner. Since the DCI is encoded according to the resource available for each TRP, the probability of at least one PDCCH decoded successfully increases significantly in case of blocking.    
Figure 8 shows the performance of multi-PDCCH vs. single PDCCH for the same PDCCH examples discussed previously. For a fair comparison, the same amount of resources are assumed, e.g., AL=8 for single PDCCH and AL=4 for multi-PDCCH.  It can be seen that for both AL=8 and AL=4 for single PDCCH,  multi-PDCCH outperforms  single PDCCH even with the best resource partition for single PDCCH. 
Multi-PDCCH approach with PDCCH repetition outperforms single PDCCH approach in presence of blocking.
(a) AL=8
(b) AL=4

[bookmark: _Ref54085155]Figure 8: performance of multi-PDCCH vs. single PDCCH in presence of blocking, (a) AL=8 for single PDCCH, AL=4 for multi-PDCCH; (b) AL=4 for single PDCCH, AL=2 for multi-PDCCH.   
For PDCCH repetition,  we think intra-slot repetition is the most  applicable scenario for URLLC.  For inter-slot repetition, the K0/k2 in DCI need to be different in different slots since  the number of slots between the PDCCHs and  the same  schedule PDSCH/PUSCH would be different. Therefore, it is no longer PDCCH repetition and thus, combing is no longer possible. In addition, the additional delay over multiple slots may not fit well for applications requiring low latency. Therefore, we have the following proposal:

[bookmark: _Toc54396641]Treat intra-slot PDCCH repetition with higher priority than inter-slot repetition.

As for Option 3,  the motivation seems to be driven by using the existing Rel-15/16 PDCCH procedure in a UE transparent manner.  However, a UE needs to determine the time offset between a decoded PDCCH and its schedule PDSCH/PUSCH. Without an explicit linkage between two PDCCHs scheduling the same PDSCH/PUSCH, different time offsets may be determined depending on which PDCCH is decoded successfully, and different UE actions could be taken. This is further discussed in the following sections.  Therefore, Option 3 cannot be fully transparent to the UE.

Multi-chance PDCCH transmission cannot be operated transparently to the UE.
2.2.2 COREST and Search Space Enhancements
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.

Alt.1 is required for single PDCCH while Alt.2 and Alt.3 are for PDCCH repetitions.   As discussed in the previous section, the challenge with single PDCCH is how to partition a PDCCH resource between two TRPs, which can have a significant impact on decoding performance in presence blocking, even though the changes from UE implementation perspective may be small. 
Between Alt.2 and Alt.3,  the required spec changes are rather similar.  In Alt.2, spec change is needed to allow a SS set to be associated with two CORESETs,  while in Alt.3, spec change is required to link two SS sets.   With Alt.3,  the two linked SS sets could have different configurations on monitoring periodicity/slot offset, monitoring pattern within slot, duration, and number of PDCCH candidates for each aggregation level.  For example,  if one SS set is configured with 2 PDCCH candidates, and the other linked SS set is configured with 4 PDCCH candidates for a given aggregation level,  how to link the PDCCH candidates in the 2 SS sets  would be an issue.  In another example,  if  one SS set is configured with one monitoring  occasion while the other SS set is configured with 2 monitoring occasions in a slot,  how to link PDCCH candidates in the 2 SS sets is another issue. Thus, constraints may need to be introduced  to handle different configurations and possible error cases. One possibility is to make the two SS sets to have the same configuration on those parameters, but then the additional flexibility of using two SS sets is unclear.   With Alt.2, there is no such issues.  
Other aspects such as non-overlapping CCEs, number of blind decodes, time offset definition between a PDCCH and its schedule PDSCH/CSI-RS/SRS/PUSCH, PUCCH resource allocation in a PUCCH resource set with more than 8 PUCCH resources, etc. are rather similar between Alt.2 and Alt.3.   Significant design efforts may be required on REG to TCI state mapping for Alt.1.
Rather similar spec changes required for Alt.2 and Alt.3.  Additional constraints are needed for linked SS sets in Alt.3.
Table 1 is a summary of the possible spec impacts with Alt.1 to Alt.3.  
[bookmark: _Ref54087551]Significant design efforts may be required on REG to TCI state mapping for Alt.1.
Rather similar spec changes required for Alt.2 and Alt.3.  Additional constraints are needed for linked SS sets in Alt.3.
Table 1: Pros and cons of Alt.1 to Alt.3
	 
	Alt.1 (with a single PDCCH)
	Alt.2
	Alt.3

	SS sets
	S1
	S1
	S1
	S2

	CORESETs
	one coreset
	coreset 1
	coreset 2
	coreset 1
	coreset 2

	AL
	L
	L/2
	L/2
	L/2
	L/2

	# of pdcch candidates per CORESET
	No change
	No change
	No change

	# of pdcch candidates per SS set
	M(L)
	M(L/2)
	M(L/2)
	M(L/2)
	M(L/2)

	
	
	single config per SS, M(L/2)=M(L)
	Duplicated config in S1,S2

	# of non-overlapping CCEs  per SS
	no change
	aggregated from 2 coresets 
	No change

	# of non-overlapping CCEs  per cell
	No change
	No change
	No change

	Overbooking
	no change 
( if over the limit, all candidates in S1 is dropped) 
	no change at SS set level 
(all candidates in S1 is dropped when over limit)
	no change 
(either s2 or both s1 and s2 will be dropped if over limit)

	# of BDs
	no change 
	aggregated from 2 coresets, depending on if soft combining is performed
	aggregate from 2 SS sets, depending on if soft combining is performed

	CCE to REG mapping
	no change necessary
	no change (per coreset)
	no change

	PDCCH candidate to CCEs (i.e.,hashing) 
	no change
	no change
	no change

	CORESET config
	2 TCI states +  resource to TCI state mapping 
	no change
	no change

	REG to TCI state mapping
	changes needed 
	no change (per coreset)
	no change (per coreset)

	SS set config
	no change
	associate with 2 coresets, a single SS configure
	Associate with another SS sets, some constraints are required for linked SS sets

	PDCCH to PSDCH/PUSCH/SRS/A-CSI-RS time offsets 
(has impact on QCL, processing time budget)
	no change
	last symbol of two linked candidates
	last symbol of two linked candidates

	PUCCH resource allocation in resource set 0 with >8 resources
	no change
	1st CCE and N_CCE  of one candidate/coreset
	1st CCE and N_CCE  of one candidate/coreset



2.2.3 Multiplexing Schemes
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.

FDM and TDM can be supported by both the single PDCCH approach and PDCCH repetition approach.  Whether FDM or TDM is supported depends more on UE capability and whether it is for FR1 or FR2. In FR1, both FDM and TDM can be supported by a UE. In FR2, however, FDM requires UEs being capable of receiving from two TRPs at the same time, a feature not every UE is capable of.  Thus, for FR2 TDM should be  supported with higher priority as some UEs may only be able to receive a single repetition at a time (due to Rx panel/beam switching).
[bookmark: _Toc54396642]TDM should be  supported with higher priority in FR2. Both TDM and FDM are supported in FR1. 
For both TDM and FDM, the resource for different TRPs should be orthogonal.
On SFN, it is more applicable to FR1. Since it can be transparent to the UE, further discussion  doesn’t seem to be needed for FR1.  In FR2, it requires UE capability of simultaneous Rx from different TRPs, which not all UEs may be capable of.  It may be further studied/evaluated in FR2. 
2.2.4 PDCCH Repetition within a Single CORESET
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 

Alt.1-1 is the single PDCCH approach that was discussed earlier.   In Alt.1-2, a PDCCH is repeated in two PDCCH candidates in the same CORESET, each of the two PDCCH candidates is associated with a different TCI state. Due to the existing way of CCE based resource allocation for PDCCH candidates, only FDM can be supported.  In order to support TDM operation,  changes are required so that a PDCCH candidate could be located in one OFDM symbol in a CORESET configured with multiple symbols.   
To support PDCCH repetition within a CORESET associated with two TCI states, changes are needed on PDCCH resource allocation for TDM operation.
In Alt.1-3, one of the TCI states of a CORESET needs be specified in a linked SS set. When the activated TCI states are updated for the CORESET,  the TCI state for the linked SS sets also need to be updated. The linked SS sets can potentially have different configurations such as periodicity/slot offsets, monitoring pattern in a slot, etc., the benefit of such a scheme is unclear. 
The benefit of Alt.1-3 with PDCCH repetition in two SS sets associated with a same CORESET activated with two TCI states is unclear.
2.2.5 Linkage between PDCCH Candidates for PDCCH Repetitions 
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
In our view, the UE needs to know the linkage between PDCCH candidates for PDCCH repetition even if soft combining is not performed.  This is not necessarily limited to Alt.1-2/1-3.  It applies also to Allt.2 and Alt.3.   Such a linkage is needed because the UE needs to determine the time offset between a decoded PDCCH and its scheduled PDSCH/PUSCH/CSI-RS/SRS for various purpose such as to determining whether the default TCI state(s) or the indicated TCI state(s) should be applied for a scheduled PDSCH or to determine the PUSCH processing time requirement can be met.  Since the PDCCH may be decoded in either one of or both the PDCCH candidates, a single time reference is needed no matter over which PDCCH candidate the PDCCH is decoded successfully. 
Explicit linkage is required between PDCCH candidates scheduling a same PDSCH/PUSCH/CSI-RS/SRS. 

2.3 Multiple PUSCH transmissions for multi-TRP reception

2.3.1 Dynamic switching between Single-TRP and Multi-TRP based PUSCH transmission
In some scenarios, the UE may be served with different types of traffics (i.e., URLLC traffic vs eMBB traffic).  In these scenarios, it may be beneficial to support dynamic switching between multi-TRP based PUSCH transmission and single-TRP based PUSCH transmission.  A similar principle was also used in NR Rel-16 where dynamic switching between multi-TRP based PDSCH reception and single-TRP based PDSCH reception is supported.
In current NR, for single-TRP based PUSCH transmission, a single spatial relation associated with the single SRS resource is used for PUSCH DMRS across all the PUSCH repetitions.  However, for multi-TRP based PUSCH transmission, multiple spatial relations associated with a SRS resource may need to be used for PUSCH DMRS such that PUSCH transmissions are alternated targeting different TRPs across different repetitions.

[bookmark: _Toc54396643]Dynamic switching between single-TRP based PUSCH and multi-TRP based PUSCH should be considered as part of PUSCH multi-TRP enhancements. 

2.3.2 Codebook based vs non-codebook based PUSCH
In RAN1#102-e, the following agreement was made:
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  
1. 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.
In current NR, there is only a single SRS resource set allowed for SRS with higher layer parameter usage set to either ‘codebook’ or ‘nonCodebook’.  Power control parameter such as alpha, p0, closed loop index and pathloss reference RS for SRS are currently configured at the SRS resource set level.  Given that the power control parameters and pathloss reference RS in general may be different for different TRPs, to minimize specification impact, a simple approach seems to be to increase the number of SRS resource sets with usage set to ‘codebook’ or ‘nonCodebook’  to two.  This way different power control and pathloss reference RSs can be configured per SRS resource set targeting different TRPs.  

Given power control parameters and path loss reference RS are configured at SRS resource set level, the simple extension to support two TRPs is to increase the number of SRS resource sets with ‘usage’ set to ‘codebook’ or ‘nonCodebook’ to two.

[bookmark: _Toc54396644]To support PUSCH targeting 2 TRPs, increase the number of SRS resource sets with ‘usage’ set to ‘codebook’ or ‘nonCodebook’ to two in NR Rel-17. 

A first issue that needs to be considered for codebook-based PUSCH is how to indicate different spatial relations for PUSCH repetitions targeting two different TRPs.  For PUSCH, its spatial relation is defined by the spatial relation of the corresponding SRS resource(s) indicated by the SRI in the corresponding DCI. For codebook based PUSCH, to indicate two different spatial relations targeting two different TRPs, the UE needs to be indicated with two different SRS resources or SRIs.  Only a single SRI can be indicated in NR Rel-15/16.  Hence, to provide two spatial relations corresponding to two TRPs, two SRIs may need to be indicated to the UE.  The two SRIs refer to two SRS resources in the two SRS resource sets corresponding to the two TRPs.

[bookmark: _Toc54396645]For codebook based PUSCH targeting 2 TRPs, support in NR Rel-17 indicating two SRIs where the two SRIs correspond to SRS resources in two different SRS resource sets. 

A second issue that needs to be considered for codebook-based PUSCH is how to indicate different TPMIs corresponding to the two different TRPs.  Only a single TPMI can be indicated in NR Rel-15/16.  Hence, to provide two precoding matrices corresponding to two TRPs, indication of two TPMIs may need be supported in NR Rel-17.

[bookmark: _Toc54396646]For codebook based PUSCH targeting 2 TRPs, support in NR Rel-17 indicating two TPMIs corresponding to the two TRPs. 


Currently, NR supports only one SRS resource set for non-codebook based PUSCH and only one associated NZP CSI-RS which the UE uses to calculate the precoder used for the transmission of SRS(s).  This is suitable for non-codebook based PUSCH transmission towards a single TRP.  However, use of a single associated NZP CSI-RS to derive the precoders used for the transmission of SRS(s) is not suitable for multi-TRP PUSCH.  Hence, multiple associated NZP CSI-RSs (one per TRP) to derive the precoders used for the transmission of SRS(s) targeted towards different TRPs needs to be supported in NR Rel-17.   This can be easily achieved if the number of SRS resource sets for non-codebook based PUSCH is also extended to two since one associated NZP CSI-RS can be configured per SRS resource set.

[bookmark: _Toc54396647]For non-codebook based PUSCH targeting 2 TRPs, support two associated NZP CSI-RS resources via increasing the number of SRS resource sets for noncodebook-based PUSCH to two in NR Rel-17. 

Another issue that needs to be considered for noncodebook-based PUSCH is how to indicate different SRIs corresponding to the two SRS resource sets targeting two different TRPs.  Hence, we make the following proposal:

[bookmark: _Toc54396648]For non-codebook based PUSCH targeting 2 TRPs, support in NR Rel-17 indicating multiple SRIs where these SRIs correspond to SRS resources in two different SRS resource sets. 


2.3.3 Spatial relation based framework vs Unified TCI state based framework
In NR Rel-15/16, the spatial transmission properties for PUSCH are given by the spatial transmission properties associated with the SRS(s) configured in a SRS resource set with usage of ‘Codebook’ or ‘non-Codebook’.  In NR Rel-17 feMIMO WI, one of the objectives is to introduce a TCI state for UL or a unified TCI state for both UL and DL.  Hence, a natural question is whether PUSCH multi-TRP enhancements should be based on the existing spatial relation framework or the unified TCI state framework.  Since the design details of the unified TCI state framework may take some time to settle in the multi-beam discussions, it is reasonable to start Rel-17 PUSCH multi-TRP enhancement discussions based on the Rel-15/16 spatial relation framework.  However, when the design details of unified TCI state framework are stabilized in multi-beam discussions, the Rel-17 PUSCH multi-TRP enhancements can be extended to the unified TCI state framework.  
For PUSCH multi-TRP enhancements, the Rel-15/16 spatial relation based framework can be first considered; the PUSCH multi-TRP enhancements can be extended to cover the unified TCI state framework once the Rel-17 design of unified TCI state framework is stable.

2.3.4 Power Control
Since the channels to different TRPs from a UE are generally different, different closed loops are needed for different TRPs for UL power control. Each TRP may also have different beams for reception, thus more than one closed loop may be needed for each TRP.  Hence, this aspect needs to be taken into account during Rel-17 PUSCH multi-TRP enhancements.  Specifically, how to differentiate close loops among TRPs and how to indicate multiple TPC commands targeting different TRPs are issues that need to be considered.

[bookmark: _Toc54396649]For PUSCH multi-TRP enhancements, different power control close loops for different TRPs are to be considered in NR Rel-17. 

2.3.5 Multi-DCI based PUSCH transmission/repetition schemes
In RAN1#102-e, the following agreement was made:
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

One of the benefits of using multiple DCIs to schedule two PUSCHs targeting two different TRPs is that it allows the two PUSCHs to be scheduled with different MCSs, resource allocations, PMI and number of layers can be flexibly chosen to match the channel associated with the two TRPs.  However, according to TS 38.214, there is the following scheduling restriction:

“The UE is not expected to be scheduled to transmit another PUSCH by DCI format 0_0, 0_1 or 0_2 scrambled by C-RNTI or MCS-C-RNTI for a given HARQ process until after the end of the expected transmission of the last PUSCH for that HARQ process.”

The 3GPP text above then states that the reception of PDCCH for next PUSCH corresponding to the same HARQ process cannot occur until the previous PUSCH has been transmitted.  In Figure 9, an illustration of this PUSCH scheduling restriction is given.  In this figure, PDCCH1 and PDCCH2, schedule an initial PUSCH and a retransmitted PUSCH corresponding to the same HARQ process.  Hence, as shown in the figure, our understanding is that PDCCH2 can only be received by the UE after the end of the initial PUSCH transmission scheduled by PDCCH1.  Hence, with current NR specification, meeting strict latency requirements is challenging when PUSCH repetitions are scheduled with multiple DCIs.  Note that this involves transmissions on same HARQ process (i.e., transmitting the same TB with different RVs via two PUSCHs on the same HARQ process).

For PUSCH repetition over multi-TRP enhancements using two different DCIs, meeting strict latency requirements  is challenging.

[image: ]
[bookmark: _Ref54346137]Figure 9.  Transmission of two PUSCHs scheduled with two uplink DCIs for the same HARQ process according to restrictions specified in NR Rel-15/16.

For URLLC, it is beneficial to allow back-to-back (re)transmission of PUSCH over multiple TRPs where the PUSCHs are scheduled by different DCIs. In this way both reliability and reduced latency are addressed.  Back-to-back PUSCH repetition using different DCIs is demonstrated in Figure 10.

For PUSCH repetition over multi-TRP enhancements using two different DCIs, allow back-to-back (re)transmission of PUSCH over multiple TRPs is beneficial.

[image: ]
[bookmark: _Ref54349733]Figure 10.  An example of back-to-back PUSCH repetitions using different DCIs

[bookmark: _Toc54396650]Consider allowing back-to-back scheduling of PUSCH repetitions via multiple DCIs over multiple TRPs in NR Rel-17. 

2.3.6 M-TRP CG PUSCH reliability
In RAN1#102-e, the following agreement was made:

Agreement 
Further study M-TRP CG PUSCH reliability enhancements in Rel-17. 
Regarding this issue, we think it is beneficial to extend multi-TRP support for CG PUSCH.  However, it should first be discussed if multi-TRP support should be extended for both CG PUSCH type 1 and CG PUSCH type 2.  Since the SRI can be indicated via dynamic grant for CG PUSCH type 2, CG PUSCH type 2 provides the benefit of switching spatial relation information dynamically.  On the other hand, for CG PUSCH type 1, SRI is preconfigured by higher layers hence switching spatial relations requires RRC reconfiguration.  Hence, we propose that Multi-TRP support should be added for at least CG PUSCH type 2.  Multi-TRP support for CG PUSCH type 1 can be further discussed.

[bookmark: _Toc54396651]Support Multi-TRP reliability for at least CG PUSCH type 2 in NR, and Support of Multi-TRP reliability for CG PUSCH type 1 can be further discussed.

Furthermore, it should be noted that to extend multi-TRP support to CG PUSCH type 1, multiple instances of at least the following parameters need to be configured as part of ConfiguredGrantConfig where each instance corresponds to a different TRP:
· precodingAndNumberOfLayers 
· srs-ResourceIndicator
· p0-PUSCH-Alpha                      
· powerControlLoopToUse
· pathlossReferenceIndex


To extend multi-TRP support to CG PUSCH type 1, multiple instances of the following parameters need to be configured as part of ConfiguredGrantConfig:  precodingAndNumberOfLayers, srs-ResourceIndicator, p0-PUSCH-Alpha, powerControlLoopToUse, and pathlossReferenceIndex.

2.3.7 Beam mapping to PUSCH repetitions
In RAN1#102-e, the following agreement was made:

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. 

In NR Rel-16, both cyclic mapping pattern and sequential mapping pattern were specified for slot-based TDM repetition scheme and one of these two patterns can be higher layer configured.  Hence, it is reasonable to agree both these patterns for PUSCH repetition Types A and B.  For PUSCH repetition Type B, we have a slight preference mapping beams to nominal repetitions.

[bookmark: _Toc54396652]For the mapping between PUSCH repetitions and beams in single DCI based multi-TRP PUSCH repetition Type A and Type B, support higher layer configuration of either cyclic mapping pattern or sequential mapping patter in NR Rel-17.
[bookmark: _Toc54396653]For PUSCH repetition Type B, spatial relations are mapped to nominal repetitions in NR Rel-17.
  
2.3.8 Aperiodic CSI on PUSCH
In NR up to Release 16, aperiodic CSI report is multiplexed only once with PUSCH even when PUSCH is repeated (i.e., A-CSI is multiplexed with PUSCH in the first PUSCH). If the A-CSI report is not correctly decoded by the gNB, the gNB discards the report and triggers UE for another A-CSI report. If the A-CSI is transmitted by the UE in a slot when the channel between the UE and a TRP is blocked, then the A-CSI cannot be received with sufficient quality and decoding of the A-CSI will fail at the gNB.  To improve the reliability of A-CSI, it may be beneficial to repeat A-CSI over multiple PUSCHs transmitted targeting different TRPs.  

If A-CSI is multiplexed on PUSCH in a slot when the channel between the UE and a TRP is blocked, A-CSI may not be received reliably by the gNB.  To improve the reliability of A-CSI, it may be beneficial to repeat A-CSI over multiple PUSCHs transmitted targeting different TRPs in Rel-17.

[bookmark: _Toc54396654]To improve A-CSI reliability, consider support for A-CSI multiplexing on multiple PUSCHs targeting multiple TRPs in NR Rel-17.

2.3.9 Evaluation Results
We have done some preliminary simulations on possible PUSCH performance improvement with two TRPs at 30GHz with 10dB channel blocking. Other simulation assumptions can be found in the appendix. The results are shown in  Figure 11, where results for MCS= 6 and MCS=10 are shown. It can be seen that for both MCS, a large performance gain can be observed. 

[bookmark: _Ref47619453]Figure 11: PUSCH performance improvement with PUSCH repetition over two TRPs under indoor hot-spot scenario at 30GHz
2.4 Multiple PUCCH transmission for Multi-TRP reception

2.4.1 Dynamic switching between Single-TRP and Multi-TRP based PUCCH transmission
Similar to the case in PUSCH, the UE may be served with different types of traffics (i.e., URLLC traffic vs eMBB traffic).  Hence, it is beneficial to support dynamic switching between multi-TRP based PUCCH transmission and single-TRP based PUCCH transmission.

[bookmark: _Toc54396655]Dynamic switching between single-TRP based PUCCH and multi-TRP based PUCCH should be considered as part of PUCCH multi-TRP enhancements. 

2.4.2 Multiple spatial relations
In RAN1#102-e, the following agreement was made:

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


In current NR, for single-TRP based PUCCH transmission, a single spatial relation associated with the single PUCCH resource is used across all the PUCCH repetitions.  Hence, we think it is natural to use a single PUCCH resource for multi-TRP PUCCH enhancements in NR Rel-17.  In the last meeting a small number of companies proposed using multiple PUCCH resources for multi-TRP PUCCH enhancements.  However, the use of multiple PUCCH resources may lead to higher specification impact.  Furthermore, if the multiple PUCCH resources have different resource sizes, soft combining of PUCCH repetitions may not be feasible.

[bookmark: _Toc54396656]For PUCCH multi-TRP enhancements, support the use of a single PUCCH resource in NR Rel-17. 

Two spatial relations need to be associated with a PUCCH resource such that when the PUCCH resource is chosen by the ‘PUCCH Resource Indicator’ field in DCI, the PUCCH transmissions are alternated targeting different TRPs across different repetitions.  Hence, up to two spatial relations need to be activated for a PUCCH resource and this activation can be done via MAC CE.

[bookmark: _Toc54396657]For PUCCH multi-TRP enhancements, up to two spatial relation info’s may be activated per PUCCH resource via MAC CE in NR Rel-17.

With regards to the mapping pattern between PUCCH repetition/symbol and spatial relation info among multiple PUCCH repetitions / multiple PUCCH symbols, it may be reasonable to allow both cyclic and sequential mapping patters.  One of these two mapping patterns may be configured per PUCCH resource.

[bookmark: _Toc54396658]For PUCCH multi-TRP enhancements, allow the possibility to configure either cyclic mapping or sequential mapping of spatial relation info’s over PUCCH repetitions/symbols in NR Rel-17.

2.4.3 On  PUCCH repetition configuration/indication
In RAN1#102-e, the following agreement was made:

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 NR Rel-15, the number of slot-based PUCCH repetitions is configured by higher layers for each PUCCH format. Considering mixed traffic types for a UE and different traffic types may have different reliability and latency requirements, different number of repetitions (either slot-based or sub-slot based) may be needed for PUCCH associated with different traffic types and/or UCI types (e.g., HARQ ACK, SR, CSI).  Hence, in NR Rel-17, it is beneficial to indicate the number of PUCCH repetitions dynamically, and hence we support Alt. 2.. 

[bookmark: _Toc54396659]For configuration/indication of the number of PUCCH repetitions, support dynamic indication of the number of PUCCH repetitions (Alt 2).. 


2.4.4 Power Control
In RAN1#102-e, the following agreement was made:

Agreement 
For multi-TRP PUCCH transmission, further investigate required power control enhancement. 

Similar to the case in PUSCH, different closed loops are needed for different TRPs for UL power control in the case of PUCCH.  This is because each TRP may have different beams for PUCCH reception, thus more than one closed loop may be needed for each TRP.  Hence, this aspect needs to be taken into account during Rel-17 PUCCH multi-TRP enhancements.  Specifically, how to differentiate closed loops among TRPs and how to indicate multiple TPC commands targeting different TRPs are issues that need to be considered.

[bookmark: _Toc54396660]For PUCCH multi-TRP enhancements, consider power control enhancements related to different close loops and associated TPC commands targeting different TRPs in NR Rel-17. 

2.4.5 Inter-slot/Intra-slot PUCCH repetition and intra-slot beam hopping
In RAN1#102-e, the following agreement was made:

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

In our view, inter-slot repetition, intra-slot repetition, and intra-slot beam hopping are all relevant and should be supported in NR Rel-17 for multi-TRP since both low latency and reliability are important requirements for URLLC applications.  Hence, we support Alt 1 in the agreement above.

[bookmark: _Toc54396661]For PUCCH multi-TRP enhancements, support both inter-slot repetition, intra-slot repetition and intra-slot beam hopping in NR Rel-17 (Alt.1). 


2.4.6 Evaluation Results

Some preliminary simulations have been done on possible PUCCH performance improvement with two TRPs at 30GHz with 10dB channel blocking. Other simulation assumptions can be found in the appendix. The results are shown in Figure 12, where we have compared intra-slot repetition over two TRP vs. single TRP transmission with two times of the number of symbols without repetition for different PUCCH formats. It can be seen that under channel blocking, repetition over two TRPs performs much better than single TRP for the same total number of symbols. 


[bookmark: _Ref47622622]Figure 12: PUCCH performance improvement with repetition over 2 TRPs under indoor hot-spot scenario at 4GHz. 





3 Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	For single PDCCH approach, further study is needed on resource partitions between two TRPs and their impact on PDCCH performance.
Proposal 2	Treat intra-slot PDCCH repetition with higher priority than inter-slot repetition.
Proposal 3	TDM should be  supported with higher priority in FR2. Both TDM and FDM are supported in FR1.
Proposal 4	Dynamic switching between single-TRP based PUSCH and multi-TRP based PUSCH should be considered as part of PUSCH multi-TRP enhancements.
Proposal 5	To support PUSCH targeting 2 TRPs, increase the number of SRS resource sets with ‘usage’ set to ‘codebook’ or ‘nonCodebook’ to two in NR Rel-17.
Proposal 6	For codebook based PUSCH targeting 2 TRPs, support in NR Rel-17 indicating two SRIs where the two SRIs correspond to SRS resources in two different SRS resource sets.
Proposal 7	For codebook based PUSCH targeting 2 TRPs, support in NR Rel-17 indicating two TPMIs corresponding to the two TRPs.
Proposal 8	For non-codebook based PUSCH targeting 2 TRPs, support two associated NZP CSI-RS resources via increasing the number of SRS resource sets for noncodebook-based PUSCH to two in NR Rel-17.
Proposal 9	For non-codebook based PUSCH targeting 2 TRPs, support in NR Rel-17 indicating multiple SRIs where these SRIs correspond to SRS resources in two different SRS resource sets.
Proposal 10	For PUSCH multi-TRP enhancements, different power control close loops for different TRPs are to be considered in NR Rel-17.
Proposal 11	Consider allowing back-to-back scheduling of PUSCH repetitions via multiple DCIs over multiple TRPs in NR Rel-17.
Proposal 12	Support Multi-TRP reliability for at least CG PUSCH type 2 in NR, and Support of Multi-TRP reliability for CG PUSCH type 1 can be further discussed.
Proposal 13	For the mapping between PUSCH repetitions and beams in single DCI based multi-TRP PUSCH repetition Type A and Type B, support higher layer configuration of either cyclic mapping pattern or sequential mapping patter in NR Rel-17.
Proposal 14	For PUSCH repetition Type B, spatial relations are mapped to nominal repetitions in NR Rel-17.
Proposal 15	To improve A-CSI reliability, consider support for A-CSI multiplexing on multiple PUSCHs targeting multiple TRPs in NR Rel-17.
Proposal 16	Dynamic switching between single-TRP based PUCCH and multi-TRP based PUCCH should be considered as part of PUCCH multi-TRP enhancements.
Proposal 17	For PUCCH multi-TRP enhancements, support the use of a single PUCCH resource in NR Rel-17.
Proposal 18	For PUCCH multi-TRP enhancements, up to two spatial relation info’s may be activated per PUCCH resource via MAC CE in NR Rel-17.
Proposal 19	For PUCCH multi-TRP enhancements, allow the possibility to configure either cyclic mapping or sequential mapping of spatial relation info’s over PUCCH repetitions/symbols in NR Rel-17.
Proposal 20	For configuration/indication of the number of PUCCH repetitions, support dynamic indication of the number of PUCCH repetitions (Alt 2)..
Proposal 21	For PUCCH multi-TRP enhancements, consider power control enhancements related to different close loops and associated TPC commands targeting different TRPs in NR Rel-17.
Proposal 22	For PUCCH multi-TRP enhancements, support both inter-slot repetition, intra-slot repetition and intra-slot beam hopping in NR Rel-17 (Alt.1).
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5 Appendix. Simulation Assumptions
Appendix A. Simulation Assumptions for PDCCH
	Parameters
	 Values

	mTRP schemes
	· Single PDCCH over two TRPs
· PDCCH repetition over two TRPs without soft combining 

	AL
	4, 8 for single PDCCH
2, 4 for PDCCH repetition

	CCE to REG mapping
	Non-Interleaving

	# symbols per coreset
	1

	# of RBs per coreset
	48

	DCI payload
	40+24(CRC)=64

	REG bundling size for mapping a PDCCH resource to two TRPs (for single PDCCH)
	2

	Blocking
	Enabled 

	Blocking (dB)
	20

	Blocking probability
	100% one of two TRPs is blocked

	Power offset between TRPs 
	0 dB

	Channel estimation
	Practical

	Scenarios
	Urban macro



Appendix B. Simulation Assumptions for PUSCH
	Parameters
	 Values

	Baseline schemes
	Single TRP Rel-15 PUSCH with repetition

	mTRP schemes
	Inter-slot repetition over 2 TRPs

	DMRS type 
	Type 1

	Mux DMRS and data in same symbol
	No

	PUSCH mapping type 
	Type A

	# symbols 
	4

	# of RBs 
	16

	MCS
	6 or 10  

	MCS table 
	Table 2

	RV sequence
	1023

	RV offset for 2nd TRP
	2

	Precoding assumptions
	follow PMI

	Blocking enabled
	yes

	Blocking dB
	10

	Blocking prob per TRP
	10%

	Power offset between TRP
	0dB

	Simultaneous Rx by 2 TRPs
	No

	Soft combining 
	Yes

	Channel estimation
	Practical

	Scenarios
	Indoor hot-spot at 30GHz



Appendix C. Simulation Assumptions for PUCCH
	Parameters
	 Values

	Baseline schemes
	Single TRP Rel-15 PUCCH with repetition

	mTRP schemes
	Intra-slot repetition over 2 TRPs

	PUCCH formats
	Formats 0 to 4

	# symbols 
	Format 0: 2 for single TRP, 1 for mTRP with 2 repetitions
Format 1: 8 for single TRP, 4 for mTRP with 2 repetitions
Format 2: 2  for single TRP, 1 for mTRP with 2 repetitions
Format 4: 14 for single TRP, 7 for mTRP with 2 repetitions

	# of RBs 
	Format 0: 1
Format 1: 1
Format 2: 7
Format 4: 1

	UCI payload
	Format 0: 2
Format 1: 2
Format 2: 8
Format 4: 4

	Precoding assumptions
	PMI based

	Frequency hopping
	On

	Blocking enabled
	yes

	Blocking dB
	10

	Blocking prob per TRP
	10%

	Power offset between TRPs 
	0 dB

	Simultaneous Rx from 2 TRPs
	No

	Channel estimation
	Practical

	Soft combining
	yes

	Scenarios
	Indoor hot-spot at 4GHz
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