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Introduction
The Rel-17 WID for further enhancements on MIMO (FeMIMO) is approved [1], which includes the following objective:
2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. 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 Rel. 16 mTRP enhancements, the focus was mostly on PDSCH reliability enhancements while reliability for PDCCH, PUCCH, and PUSCH was not taken into account explicitly due to lack of time. In order to ensure overall reliability of the system, it is important to ensure that both data and control for both downlink and uplink are reliable. In this contribution, we discuss the aspects related to reliability and robustness of PDCCH, PUCCH, and PUSCH separately.
PDCCH
In this section, we discuss different schemes / frameworks related to different aspects of PDCCH reliability. In particular, we present our initial view on the following question:
· Whether the schemes used for PDCCH reliability should be FDM, TDM, or SDM?
· How to enable transmission of one DCI with two TCI states?
· Should PDCCH rate matching for a given DCI transmission follow Rel. 15 (TCI state-agnostic rate matching) or should the PDCCH have multiple repetitions (TCI state dependent rate matching)?
FDM/TDM/SDM Schemes for PDCCH
In Rel. 16 PDSCH reliability enhancements, different schemes were introduced: SDM (Scheme 1a), FDM (Schemes 2a and 2b) and TDM (Schemes 3 and 4). For PDCCH enhancements, both FDM and TDM are useful and should be specified in our view. FDM is more suitable for multi-panel UEs in FR2 and can reduce the latency and allow for power boost in half of REGs while TDM is more suitable for single-panel UEs in FR2. On the other hand, SDM scheme for PDCCH should be deprioritized as it involves more specification changes such as introducing two layers / DMRS ports for PDCCH. Hence, SDM scheme should be first studied, and if the benefits are shown, can be potentially specified in future releases. 
[bookmark: p1]Proposal 1: For PDCCH reliability enhancements in Rel. 17, FDM and TDM schemes have higher priority compared to SDM scheme.
Different Approaches for Multi-TCI State PDCCH
The main goal of PDCCH reliability enhancements in this WI is to enable transmission of one DCI with two TCI states. In Rel. 15/16, a DCI is transmitted with one TCI state only. The main limitation is that each CORESET is associated with one active TCI states. This, together with the fact that each SS set is associated with one CORESE, and the fact that each PDCCH candidate is defined in a given SS set result in each DCI to be transmitted with one TCI state only.
In order to achieve the main goal as mentioned above, we can have one of the following approaches:
a) Support one CORESET to be associated with two TCI states
b) Support one SS set to be associated with two CORESETs
c) Support one combined PDCCH candidate to be defined in two SS sets

Even though the approaches above may look similar in terms of achieving the main goal, they may have very different sets of specification impacts and UE implementation complexity. Figure 1 illustrates approach a) for FDM and TDM cases. For FDM, the different sets of REGs / REG bundles / CCEs of the CORESET have different TCI states. For TDM, different symbols of the CORESET have different TCI states. This approach may have smaller specification impact and is more aligned with Rel. 16 PDSCH reliability enhancements. The actual specification impact for this approach depends on further details including whether a DCI in the CORESET is repeated or if rate matching is TCI state agnostic. Some aspects related to this are discussed in Section 2.3. 
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[bookmark: _Ref46747887][bookmark: _Ref46747878]Figure 1: Approach a): One CORESET with two active TCI states.
[bookmark: _Hlk528942724]
Approach b) is illustrated in Figure 2 for both cases of FDM and TDM. In this approach, one SS set is associated with two CORESETs. As PDCCH candidates are defined in a given SS set, each PDCCH candidate in the SS set has some REGs / REG bundles / CCEs in the first CORESET and some REGs / REG bundles / CCEs in the second CORESET. The specification impact for this approach may be more compared to approach a). For example, in Rel. 15 / 16, CCEs for each PDCCH candidate with a given aggregation level in a SS set is determined based on the parameters of the CORESET such as number of CCEs in the CORESET, a hashing function that is a function of CORESET number for USS (i.e.,  for CORESET ), etc. With approach b), some of these procedures may need to be changed. In addition, this approach may require some changes to SS set definition especially for the case of TDM. In Rel. 15/16, duration of a CORESET determines number of symbols for DCI transmission. For TDM with approach b), the number of symbols for the DCI transmission is determined by duration of two CORESETs. 
[image: ]
[bookmark: _Ref46751274]Figure 2: Approach b): One SS set associated with two CORESETs with different TCI states.

Approach c) is illustrated in Figure 3. With this approach, one combined PDCCH candidate is defined by linking / associating two separate PDCCH candidates in different SS sets. The two SS sets may be associated with different CORESETs having different TCI states. TDM vs FDM in this case depends on the individual candidates including CORESET / SS set configurations as well as association definition details. This approach is not desirable from UE implementation complexity point of view as it creates a third PDCCH candidate different from the two individual ones. In addition, the specification impacts for this approach may be larger even compared with approach b). First, the configurations for determining the association between two individual PDCCH candidates can be complicated as a specific candidate with a given aggregation level in SS set 1 should be linked with a specific candidate with the same aggregation level in SS set 2, and this imposes certain restrictions for SS set configurations in terms of periodicity, monitoringSymbolsWithinSlot, etc. Second, this approach may result in impact to number of BD limits, overbooking procedures (that is defined on a SS set basis), etc. Third, UE needs to reliably determine if a decoded DCI correspond to a combined PDCCH candidate or an individual one. This is needed because some of the scheduling information (e.g. PDSCH rate matching around the scheduling DCI, reference slot for K0 and K2 values for PDSCH and PUSCH scheduling, etc.) is a function of the SS set/CORESET in which the DCI is detected.
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[bookmark: _Ref46762419]Figure 3: Approach c): One combined PDCCH candidate is defined by associating candidate x of SS Set 1 with candidate y of SS set 2. 
Given the discussions above on the three possible approaches, it is more reasonable to first identify the potential specification impacts for each approach, and also take in to account the UE complexity and flexibility trade-off. In our initial assessments, approach a) has smaller specification impact as well as less UE complexity, and is also more aligned with Rel. 16 PDSCH reliability enhancements. 
[bookmark: p2]Proposal 2: Study pros and cons of the following approaches to enable transmission of one DCI with two TCI states:
a) One CORESET associated with two TCI states
b) One SS set associated with two CORESETs
c) One combined PDCCH candidate defined in two SS sets
TCI State Agnostic or TCI State Dependent Rate Matching 
Another dimension of the PDCCH reliability schemes is whether to keep Rel. 15 for rate matching / RE mapping for PDCCH or to have TCI state dependent rate matching / RE mapping:
· Case 1: TCI state agnostic rate matching (non-repetition)
· Case 2: TCI state dependent rate matching (repetition)

With TCI state agnostic rate matching, Rel. 15 encoding / decoding chain and RE mapping for PDCCH is kept without any change. That is, PDCCH rate matching is agnostic to TCI state, and different coded bits after rate matching are mapped to REGs / REG bundles / CCEs with different TCI states. 
With TCI state dependent rate matching, encoding / rate matching / RE mapping for PDCCH is not based on all the CCEs of the PDCCH candidate. That is, encoding / rate matching / RE mapping are done based on the first set of REGs / REG bundles / CCEs corresponding to the first TCI state, and the second set of REGs / REG bundles / CCEs carry a repetition. In this case, due to the rate matching procedure for polar coding [38.212, Section 5.4.1], the same number of coded bits should be used for the resources associated with different TCI states, which means that the same exact coded bits are transmitted in the two sets of resources of the PDCCH candidate in order for the two repetitions to be soft-combinable. This reduces the coding gain especially for medium / high code rate regimes. 
Figure 4 illustrates the two schemes discussed above assuming that the PDCCH candidate has resources with the first TCI state accommodating  coded bits and resources with the second TCI state accommodating  coded bits (total coded bits of the PDCCH candidate is . Note that number of REGs with the first TCI state has to be the same as the number of REGs with the second TCI state in the case of TCI state dependent rate matching (repetition). However, such a constraint is not required for TCI state agnostic rate matching (Rel. 15 procedures or non-repetition). 
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[bookmark: _Ref46783798]Figure 4: TCI state agnostic vs TCI state dependent rate matching.

[bookmark: _GoBack]Next, we compare the performance of the two cases above under various scenarios. In the simulations, FDM scheme is assumed but the observations are general and applicable also to the case of TDM scheme. Simulation parameters are summarized in Table 1, which follows the outcome of discussions in [Offline discussion on EVM - Phase 2 ITEM 2a]. First, we look at the extreme blocking case were probability of blocking is 1, and either the first half or second half (randomly) of the REGs are blocked by 10, 20, 40 dB and compare the performance of Case1 (no repetition) vs Case 2 (repetition) with AL=8, where baseline is AL=4 without blocking. Figure 5 shows the performance comparison for this setup. For Case 2 (repetition), AL=8 consists of two AL=4, and UE soft combines (chase combining) the two repetitions before decoding.
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[bookmark: _Ref47102918]Figure 5: Extreme Blockage of half of REGs with AL=8 (Case 1 and Case 2) vs no blockage with AL=4. 
As it can observed from Figure 5, extreme blocking of half of the REGs for AL=8 can result in 1~2dB performance loss compared with AL=4 without blocking, but there is not much performance different between “no repetition” (Case 1) vs “repetition” (Case2). This in fact shows that Polar coding is very robust against blockage as even with 40dB blockage (with P=1), performance degradation is not significant. In addition, blockage impacts both Case 1 and Case 2 roughly equally if UE does not perform separate decoding of REG bundles for a given PDCCH candidate. 
[bookmark: o1]Observation 1: PDCCH performance is robust against blockage. In addition, Case 1 (TCI state agnostic rate matching or “no repetition”) and Case 2 (TCI state dependent rate matching or “repetition”) are impacted similarly in the extreme blockage scenario.
Next, we compare the performance of single-TRP PDCCH, multi-TRP PDCCH assuming Case 1, and multi-TRP PDCCH assuming Case 2 under the following scenarios for AL=2 (2 CCEs) and AL=8 (8 CCEs):
· PL delta=0dB and no blockage (Figure 6).
· PL delta=6dB and no blockage (Figure 7).
· Blockage with p=0.1 and x=10dB (Figure 8).

For multi-TRP schemes (for both Case 1 and Case 2), FDM scheme is used, and even REG bundles are transmitted from the first TRP and odd REG bundles are transmitted from the second TRP. For mTRP Case 2 (repetition), AL=2 consists of two AL=1, and AL=8 consists of two AL=4 for fair comparison, and UE soft combines (chase combining) the two repetitions before decoding. The performance comparisons are shown in Figure 6, Figure 7, and Figure 8.
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[bookmark: _Ref47105975]Figure 6: PL delta=0dB and no blockage for AL=2 and AL=8.
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[bookmark: _Ref47105980]Figure 7: PL delta=6dB and no blockage for AL=2 and AL=8.
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[bookmark: _Ref47105984]Figure 8: Blockage with p=0.1 and x=10dB for AL=2 and AL=8.
As it can be observed from the Figures above, no repetition scheme (Case 1) provides better performance compared with repetition scheme (Case 2) when there is no blockage and when coding rate is not very low (i.e., for AL=2). This is due to the better coding gain in Case 1 compared to Case 2. In other scenarios, including in the case of blockage or in when code rate is low (i.e., AL=8), the performance is the same for both Case 1 and Case 2.
[bookmark: o2]Observation 2: Case 1 (TCI state agnostic rate matching or “no repetition”) performs better than Case 2 (TCI state dependent rate matching or “repetition”) when coding rate is high and signal strength from the two TRPs is not very different. Otherwise (when there is blockage or coding rate is low), the performance of both Case 1 and Case 2 is the same.
Based on the above simulation results and observations, and also considering the specification impact, we propose:
[bookmark: p3]Proposal 3: Multi-TCI state PDCCH schemes should not introduce TCI state dependent rate matching for PDCCH (Rel. 15 rate matching should be assumed for PDCCH).
PUCCH
In this section, we discuss multi-beam PUCCH transmission for both cases of inter-slot and intra-slot. As we discuss in more details below, for inter-slot, reusing Rel. 15 PUCCH repetition can be the starting point, and for intra-slot, reusing frequency hopping mechanisms can be the starting point.  
Inter-Slot Multi-Beam PUCCH
In Rel. 15, we can have inter-slot PUCCH repetition configured with “nrofSlots” as part of “PUCCH-FormatConfig” that can be defined for PUCCH formats 1, 3, or 4. However, the same uplink beam or spatial relation info is used across all nrofSlots slots. This is because the same PUCCH resource is used for repetition across slots, and PUCCH spatial relation info is configured / activated per PUCCH resource. 
To enable inter-slot PUCCH repetition with different beams using Rel. 15 PUCCH repetition mechanisms, one easy way is to allow one PUCCH resource to be configured / activated with two PUCCH-SpatialRelationInfoId’s. For PUCCH, this will automatically also take care of different power control parameters including P0, PL RS and closed loop index as they are all defined within PUCCH-SpatialRelationInfoId as shown below:
[image: ]
[bookmark: _Hlk47199409]Figure 9 illustrates two examples of inter-slot PUCCH repetition with different beams with cyclic mapping and sequential mapping (similar to inter-slot PDSCH repetition in Rel. 16, i.e., Scheme 4) when the same PUCCH resource is activated with two PUCCH-SpatialRelationInfoId’s.
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[bookmark: _Ref47199222]Figure 9: Multi-beam inter-slot PUCCH repetition by simple extension of Rel. 15 PUCCH repetition.
In addition, the same inter-slot PUCCH repetition should be allowed also for PUCCH formats 0 and 2. Note that the reason that Rel. 15 only allows PUCCH repetition for PUCCH formats 1, 3 and 4 is that the main use case was for coverage extension, and for that purpose, only long PUCCH formats were relevant. However, for enhanced reliability and diversity of PUCCH, which is objective of Rel. 17 enhancements, short PUCCH formats are equally important.
[bookmark: p4]Proposal 4: Support extending Rel. 15 inter-slot PUCCH repetition mechanisms to 
· Two PUCCH-SpatialRelationInfoId’s
· PUCCH formats 0 and 2 in addition to PUCCH formats 1, 3, and 4.

Intra-Slot Multi-Beam PUCCH
In addition to inter-slot multi-beam PUCCH enhancements, it is necessary to enable intra-slot multi-beam PUCCH transmission for use cases with stringent latency. For this purpose, a new procedure is required as Rel. 15 does not support intra-slot PUCCH repetition. We see two directions to enable intra-slot multi-beam PUCCH transmission as described below and illustrated in Figure 10:
· Alternative 1: Reusing intra-slot frequency hopping mechanisms to enable beam-hopping within one PUCCH resource.
· Alternative 2: Allowing PUCCH repetition in two different non-overlapping PUCCH resources in a given slot, where the two PUCCH resources are configured / activated with different beams.

[image: ]
[bookmark: _Ref47212601]Figure 10: Alternative 1 (beam-hopping) vs Alternative 2 (using two PUCCH resources) for intra-slot multi-beam PUCCH transmission.
In Alternative 1, PUCCH duration of a given PUCCH resource is divided into two parts corresponding to the two beam-hops. In this case, most of the frequency-hopping procedures in Rel. 15 can be reused including number of symbols in the first / second beam-hops, and number of DMRS symbols and locations. Note that intra-slot frequency hopping is supported for all PUCCH formats in Rel. 15. However, Rel. 15 only allows one active spatial relation info / power control parameters per one PUCCH resource. Interestingly, the enhancements required to enable beam-hopping within the same PUCCH resource for the case of intra-slot in Alternative 1 are the same as those required for inter-slot PUCCH repetition discussed in Section 3.1. That is, in both cases, it is required to activated two PUCCH-SpatialRelationInfoId’s for one PUCCH resource, which also addresses different power control parameters.   
[bookmark: o3]Observation 3: Activation of two PUCCH-SpatialRelationInfoId’s for one PUCCH resource discussed in Section 3.1 for the purpose of inter-slot PUCCH repetition, can also serve the purpose of beam hopping within one PUCCH resource (Alternative 1) for the case of intra-slot.
In Alternative 2, two different PUCCH resources (non-overlapping) are used for intra-slot PUCCH repetition. The two PUCCH resources should have the same number of control REs in the case of PUCCH formats 2, 3, and 4 (that support more than 2 bits) so that the same coded bits are transmitted in the second PUCCH resource as a repetition of the first one. Otherwise, soft-combining cannot be done at the receiver, especially for polar code (UCI bits > 11 bits), where the same mother code length should be ensured. In addition, the specification impact for Alternative 2 may more compared with Alternative 1. For example, PRI indication in DCI (including PUCCH resource selection within a PUCCH resource set based on PRI and payload size) may require some change as PRI should indicate two PUCCH resources. As another example, UCI multiplexing rules may need to change when one or both PUCCH resources overlap with another PUCCH transmission.
[bookmark: p5]Proposal 5: RAN1 should study pros and cons of the following two alternatives before deciding how to enable intra-slot multi-beam PUCCH transmission: 
· Alternative 1: Reusing intra-slot frequency hopping mechanisms to enable beam-hopping within one PUCCH resource.
· Alternative 2: Allowing PUCCH repetition in two different non-overlapping PUCCH resources in a given slot, where the two PUCCH resources are configured / activated with different beams.
PUSCH
In Rel. 16, both single-DCI based and multi-DCI based multi-TRP are specified. For single-DCI based multi-TRP, the enhancements are specific to PDSCH schemes, i.e., multi TCI state PDSCH, where the TCI states are applied in spatial domain (SDM), frequency domain (FDM), or time domain (TDM). For multi-DCI based multi-TRP scheme, the enhancements are general and applicable to PUSCH (e.g. out-of-order PUSCH by associating a PUSCH to a CORESETPoolIndex value). However, PUSCH was only discussed toward the end of WI in Rel. 16, and further enhancements may be possible.
In this section, we discuss PUSCH enhancements for both cases of single-DCI based and multi-DCI based frameworks assuming TDM transmission. 
Single-DCI Based
Rel. 16 supports both repetition Type A and repetition type B for PUSCH. In repetition type A, different repetition of PUSCH are in different slots and have the same length and starting symbol. In repetition type B, a nominal repetition is divided into multiple actual repetitions based on crossing slot boundary or due to invalid symbols (e.g. semi-static DL symbols, ssb-PositionsInBurst, InvalidSymbolPattern, numberInvalidSymbolsForDL-UL-Switching, Type0-PDCCH CSS monitoring occasions, etc.). 
In both cases, a single DCI schedules all PUSCH repetitions. However, only one SRI / spatial relation info / set of power control parameters / TPMI (for codebook-based UL transmission) is indicated in the DCI in Rel. 16 resulting in using the same UL beam and the same set of transmission parameters for all PUSCH repetitions. As the main goal in Rel. 17 is to enhance the reliability and diversity, transmission of different PUSCH repetitions with different UL beams / different set of transmission parameters should be supported for both Type A and Type B repetitions. In addition, the enhancements should be applicable to both codebook based UL transmission as well as non-codebook based UL transmission. Other issues related to signalling number of repetitions, time and frequency resources of different repetitions, nominal repetition vs actual repetition, etc. can directly follow the Rel. 16 procedures for Type A and Type B PUSCH repetition.
[bookmark: p6]Proposal 6: Support extending PUSCH repetition Type A and Type B to repetitions with different sets of UL beams / different sets of transmission parameters for codebook based UL transmission and non-codebook based UL transmission including
· Indication of two sets of power control parameters (by enhancing SRI signalling in the DCI)
· Indication of two spatial relation Info’s (by enhancing SRI signalling in the DCI)
· Indication of two TPMIs for codebook based UL transmission (by enhancing “Precoding information and number of layers” signaling in the DCI)

In addition, configured grant PUSCH is important for URLLC use cases, and it should be ensured that the enhancements for reliability and robustness of PUSCH are extended to the case of configured grant for both cases of Type 1 and Type 2. 
[bookmark: p7]Proposal 7: Enhancements for reliability and robustness of PUSCH should be extended to the case of configured grant for both cases of Type 1 and Type 2 configured grant. 
Multi-DCI Based
In Rel. 16, association of a dynamic PUSCH with CORESETPoolIndex value is supported. However, PUSCH enhancements for multi-DCI based enhancements were only discussed toward the end of the WI in Rel. 16, and certain aspects were not optimized. For example, for multi-DCI based multi-PDSCH transmission, it is supported to have two separate MAC-CE’s for TCI state activation corresponding to the two CORESETPoolIndex values, and the interpretation of the TCI field in the DCI is a function of the CORESETPoolIndex value of the CORESET in which the scheduling DCI is received. Similar enhancements are possible for the case of PUSCH, e.g., interpretation of the SRI field (to determine PUSCH beam / power control parameters) to be a function of the CORESETPoolIndex of the CORESET in which the UL DCI is detected. These enhancements are intended to increase the flexibility of multi-DCI based multi-PUSCH transmission (in TDM manner) in Rel. 17.
In addition, RAN1 can further study the if and how multi-DCI based PUSCH transmission can be used for repetition. Note that it is already supported in Rel. 16 that a PUSCH retransmission to be associated with a different CORESETPoolIndex value compared to the PUSCH of the initial transmission. Hence, if PUSCH is not decoded successfully, it can be scheduled from / transmitted toward the other TRP. However, as mentioned above some aspects can be further optimized.
[bookmark: p8]Proposal 8: RAN1 should study if and how multi-DCI based multi-PUSCH transmission can be optimized to enhance the flexibility and performance of PUSCH.
· Compared to single-DCI based approach, multi-DCI based approach has lower priority.
Conclusion 
Observation 1: PDCCH performance is robust against blockage. In addition, Case 1 (TCI state agnostic rate matching or “no repetition”) and Case 2 (TCI state dependent rate matching or “repetition”) are impacted similarly in the extreme blockage scenario.
Observation 2: Case 1 (TCI state agnostic rate matching or “no repetition”) performs better than Case 2 (TCI state dependent rate matching or “repetition”) when coding rate is high and signal strength from the two TRPs is not very different. Otherwise (when there is blockage or coding rate is low), the performance of both Case 1 and Case 2 is the same.
Observation 3: Activation of two PUCCH-SpatialRelationInfoId’s for one PUCCH resource discussed in Section 3.1 for the purpose of inter-slot PUCCH repetition, can also serve the purpose of beam hopping within one PUCCH resource (Alternative 1) for the case of intra-slot.
Proposal 1: For PDCCH reliability enhancements in Rel. 17, FDM and TDM schemes have higher priority compared to SDM scheme.
Proposal 2: Study pros and cons of the following approaches to enable transmission of one DCI with two TCI states:
d) One CORESET associated with two TCI states
e) One SS set associated with two CORESETs
f) One combined PDCCH candidate defined in two SS sets

Proposal 3: Multi-TCI state PDCCH schemes should not introduce TCI state dependent rate matching for PDCCH (Rel. 15 rate matching should be assumed for PDCCH).
Proposal 4: Support extending Rel. 15 inter-slot PUCCH repetition mechanisms to 
· Two PUCCH-SpatialRelationInfoId’s
· PUCCH formats 0 and 2 in addition to PUCCH formats 1, 3, and 4.

Proposal 5: RAN1 should study pros and cons of the following two alternatives before deciding how to enable intra-slot multi-beam PUCCH transmission: 
· Alternative 1: Reusing intra-slot frequency hopping mechanisms to enable beam-hopping within one PUCCH resource.
· Alternative 2: Allowing PUCCH repetition in two different non-overlapping PUCCH resources in a given slot, where the two PUCCH resources are configured / activated with different beams.

Proposal 6: Support extending PUSCH repetition Type A and Type B to repetitions with different sets of UL beams / different sets of transmission parameters for codebook based UL transmission and non-codebook based UL transmission including
· Indication of two sets of power control parameters (by enhancing SRI signalling in the DCI)
· Indication of two spatial relation Info’s (by enhancing SRI signalling in the DCI)
· Indication of two TPMIs for codebook based UL transmission (by enhancing “Precoding information and number of layers” signaling in the DCI)

Proposal 7: Enhancements for reliability and robustness of PUSCH should be extended to the case of configured grant for both cases of Type 1 and Type 2 configured grant. 
Proposal 8: RAN1 should study if and how multi-DCI based multi-PUSCH transmission can be optimized to enhance the flexibility and performance of PUSCH.
· Compared to single-DCI based approach, multi-DCI based approach has lower priority.
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2 [bookmark: _Ref47301022]Appendix
Table 1: LLS simulation assumptions and parameters for PDCCH.
	Parameter
	Value

	Number of TRPs
	2

	Channel model
	TDL-C; 100ns RMS Delay Spread in 4GHz.

	PL delta
	{0,6} dB

	Blockage
	Blockage model from Rel-16 (x dB power offset with probability p), x and p mentioned for each plot separately when applicable.

	Num Tx_Ant at each TRP
	4

	Num UE Rx_Ant 
	4

	CCE-REG mapping
	nonInterleaved, REG bundle size =2.

	Channel estimation
	Practical (MMSE)

	number of symbols of the CORESET
	1 symbol

	DCI payload
	40+24(CRC)=64 bits.

	Precoding assumptions
	Precoding cycling, precoder granularity=REG bundle 
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