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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In 3GPP RAN Meeting #86, a new work item (WI) on Further enhancements on MIMO for NR (NR_FeMIMO, see RP-193133) was approved. Among the multiple objectives in the WI, the following is concerned with multi-TRP/panel for non-PDSCH enhancements:
· 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 3GPP RAN1 Meeting #104b-e, a set of agreements on multi-TRP/panel for non-PDSCH enhancements were achieved. In this contribution, further discussions on these enhancements are provided. 

PUCCH/PUSCH enhancement
In 3GPP RAN1 Meeting #104b-e, the following agreements concerning PUCCH/PUSCH enhancements were achieved:
Agreement
For the case of multi-TRP, to support per-TRP power control in FR1, the linking of PUCCH resource with [one or] two power control parameter sets, the following is supported
· MAC-CE indicates RRC IE that configures power control parameter sets (p0, pathloss RS ID, and a closed-loop index).
· The exact design of RRC IE is up to RAN2 but from RAN1 point of view, one possible example is to reuse PUCCH-SpatialRelationInfo except for the referenceSignal 
Note: It is common understanding in RAN1 that one PUCCH resource can be linked to one power control parameter set.
Conclusion
With reference to the normative work on NR-feMIMO:
Related to the support of switching gap between UL transmissions towards two TRPs in RAN1 specifications, there is no consensus in RAN1 to specify symbol gap(s) for the following cases
· PUSCH Type A 
· PUCCH scheme 1
· PUSCH Type B
· PUCCH scheme 3
The above applies for the case included in the LS from RAN4 in R1-2102297.
Agreement
When inter-slot frequency hopping is configured with Scheme 1, decide one from the below options in RAN1#105-e meeting,  
· Option 1
· If sequential mapping pattern is configured, frequency hopping is performed on slot level (as in Rel-15).
· If cyclical mapping pattern is configured, frequency hopping is performed among the repetitions with the same beam. 
· Option 2: 
· gNB always configures sequential mapping pattern and frequency hopping is performed on slot level. (no spec impact)
· Option 3:
· Frequency hopping is performed on slot level as in Rel-15 (no spec impact). 
Agreement 
Confirm the following Working Assumption:
For PUCCH multi-TRP enhancements in Scheme 1, it is possible to configure either cyclic mapping or sequential mapping of spatial relation info’s over PUCCH repetitions. 
· FFS: Applicability of mapping patterns for different beam switching gaps
· The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2. 
· Note: For Scheme 1, cyclical mapping pattern and sequential mapping pattern are as follows, 
· Cyclical mapping pattern: the first and second beam are applied to the first and second PUCCH repetition, respectively, and the same beam mapping pattern continues to the remaining PUCCH repetitions. 
· Sequential mapping pattern: the first beam is applied to the first and second PUCCH repetitions, and the second beam is applied to the third and fourth PUCCH repetitions, and the same beam mapping pattern continues to the remaining PUCCH repetitions.
Agreement 
Confirm the following Working Assumption (with small correction of typo and clarification on UE capability in RED):
· For beam mapping /power control parameter set mapping for PUCCH repetitions,
· For M-TRP PUCCH Scheme 1 in FR1, it is possible to configure either cyclic mapping or sequential mapping of power control parameter sets over PUCCH repetitions (similar to spatial relation info’s over PUCCH repetitions).
· For M-TRP PUCCH Scheme 3, reuse the same methods as Scheme 1 (by replacing slots with sub-slots) for beam mapping or power control resource parameter set mapping to sub-slots.
· The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2. 
Agreement
When SRS resources from two SRS resource sets indicated in DCI format 0_1/0_2, for linking SRI fields to two power control parameters, it is up to RAN2 to finalize the RRC details related to linking. RAN1 identified that the following options could be used. 
· Alt. 1: Add second sri-PUSCH-MappingToAddModList, and select two SRI-PUSCH-PowerControl from two sri-PUSCH-MappingToAddModList
· Alt. 2: Add SRS resource set ID in SRI-PUSCH-PowerControl, and select SRI-PUSCH-PowerControl from sri-PUSCH-MappingToAddModList considering the SRS resource set ID 
Agreement
For PHR reporting related to M-TRP PUSCH repetition, select one from the following options in RAN1 #105-e meeting. 
· Option 1:  Calculate one PHR associated with the first PUSCH occasion (earliest repetition that overlaps with the first slot in which the PUSCH that carries the PHR MAC-CE is transmitted) 
· Option 2: Calculate two PHRs, each associated with a first PUSCH occasion to each TRP, but report one of them 
· FFS: How to select the PHR for reporting. 
· Option 4: Calculate two PHRs, each associated with a first PUSCH occasion to each TRP, and report two PHRs 
· Option 5: No changes to legacy PHR reporting 
 Agreement
When MAC-CE indicates a PL-RS ID for one or more SRI IDs, it also indicates whether the SRI IDs are associated with the first or the second SRS resource set. 
Agreement
For multiplexing A-CSI on two PUSCH repetitions in the case of multi-TRP PUSCH repetition,
· For S-DCI based multi-TRP PUSCH repetition Type B, support multiplexing A-CSI on the first PUSCH repetition corresponding to the first beam and the first (X = 1) PUSCH repetition corresponding to the second beam.
· The UE is expected to follow the above operation for multiplexing A-CSI on two PUSCH repetitions only if 
· the first actual repetition corresponding to the first beam and the first actual repetition corresponding to the second beam have the same number of symbols, and 
· UCIs other than the A-CSI are not multiplexed on any of the two PUSCH repetitions.
· When the UE does not follow the above operation, UE multiplexes A-CSI only on the first PUSCH repetition similar to Rel. 15/16.
· The content for the two A-CSI should be the same
· Note: RAN1 has the assumption on CSI timelines are followed as rel-15/16, including UE shall expect the timeline for the first A-CSI meets Z and Z’ requirement
· FFS: For s-DCI based multi-TRP PUSCH repetition Type A and B, support multiplexing of A-CSI on the first PUSCH repetition corresponding to the first beam and the first PUSCH repetition corresponding to the second beam when there is no TB carried in the PUSCH. 
· The UE assumes that the number of repetitions is 2 regardless of the indicated number of repetitions. 
· For PUSCH repetition Type B, the first and second nominal repetitions are expected to be the same as the first and second actual repetitions, respectively (no segmentation).
Working Assumption
For indicating STRP/MTRP dynamic switching for non-CB/CB based MTRP PUSCH repetition,
· Introduce a new field in DCI to indicate at least the S-TRP or M-TRP operation
· FFS: Whether the new field is 1 bit or 2 bits
Working Assumption
For non-codebook based multi-TRP PUSCH, the first SRI field is used to determine the entry of the second SRI field which only contains the SRI(s) combinations corresponding to the indicated rank (number of layers) of the first SRI field. The number of bits, N2, for the second SRI field is determined by the maximum number of codepoint(s) per rank among all ranks associated with the first SRI field. For each rank x, the first Kx codepoint(s) are mapped to Kx SRIs of rank x associated with the first SRS field, the remaining (2N2-Kx) codepoint(s) are reserved.
Agreement
For the indication of open-loop power control parameter (OLPC) in DCI format 0_1/0_2, support enhanced open-loop power control parameter (OLPC) set indication by indicating per-TRP OLPC set.
· FFS: Details of indication.
Agreement
For CB based M-TRP PUSCH repetition, the first TPMI field is used to determine the entry of the second TPMI field which only contains TPMIs corresponding to the indicated rank (number of layers) of the first TPMI field. The second TPMI field’s bit width, M2, is determined by the maximum number of TPMIs per rank among all ranks associated with the first TPMI field. For each rank y, the first Ky codepoint(s) of the second TPMI field are mapped to Ky TPMI(s) of rank y associated with the first TPMI field in increasing order codepoint index, the remaining (2M2-Ky) codepoint(s) are reserved.
· How to describe/capture this in 38.212 is up to the editor.
Agreement
Confirm the following working assumption (with removing the last bullet):
For single DCI based M-TRP PUSCH repetition Type A and B, it is possible to configure either cyclic mapping or sequential mapping of UL beams.
· The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2.
· FFS: Support of half-half mapping. 
· FFS: Additional considerations on mapping patterns (including required beam switching gaps) 
Agreement
For single DCI based M-TRP PUSCH Type B repetition, the indication of PTRS-DMRS association for maxRank > 2 is supported, down select one of the following options in RAN1 #105-e meeting, 
· The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2.
· Option 1 (4 bits): with a second PTRS-DMRS association field (similar to the existing field), and each field separately indicating the association between PTRS port and DMRS port for two TRPs. 
· Option 2 (2 bits): using the existing PTRS-DMRS association field in DCI for the first TRP, and using reserved entries/bits in DM-RS port indication field for the second TRP.
· Option 3 (2 bits): 1 bit MSB is used to indicate PTRS-DMRS association for the first TRP, and 1 bit LSB is used to indicate PTRS-DMRS association for the second TRP
· if maxNrofPorts = 1, the 1 bit indicates one of the first two DMRS ports. 
· if maxNrofPorts = 2, the 1 bit indicates one of two DMRS ports sharing the same PTRS port.
Agreement
For type 1 or type 2 CG based multi-TRP PUSCH repetition, 
· Introduce the second fields of 'p0-PUSCH-Alpha' and 'powerControlLoopToUse' in 'ConfiguredGrantConfig’ 
· For type 1 CG based m-TRP PUSCH repetition, introduce the second fields of ‘pathlossReferenceIndex’, 'srs-ResourceIndicator' and 'precodingAndNumberOfLayers' in 'rrc-ConfiguredUplinkGrant'.
· For type 2 CG based M-TRP PUSCH, two SRIs/TPMIs are indicated via the activating DCI.
· FFS1: UL PT-RS port(s) and DM-RS port(s) for CG type 1
· FFS3: Details on RV mapping. 
· FFS4: Possible transmission occasion for initial transmission
· FFS5: Other TRP specific parameters in 'rrc-ConfiguredUplinkGrant', e.g., 'dmrs-SeqInitialization'.

PUSCH power control
Some discussions are provided below.
· Open-loop PC details
In the current standards, open-loop power control (OLPC) parameter set indication via a configurable DCI field is supported. When SRI is used for the PUSCH transmission, the DCI field contains 1 bit to indicate whether the SRI OLPC parameter is to be used or ignored; if ignored, then the first OLPC parameter configured in P0-PUSCH-AlphaSet (as opposed to the one associated with sri-P0-PUSCH-AlphaSetId) is used. The purpose of doing so is to boost the transmission power when there is an eMBB interference on the same resources. When SRI is not used for the PUSCH transmission, the DCI field contains 2 bits for the OLPC parameter indication.
For M-TRP PUSCH, we have already agreed that two SRI fields will be used, so the case of 2 bits per DCI field does not apply. Then for each SRI field, the gNB may need the UE to boost the power independently. So two separate OLPC parameter set indication fields are needed, one for each TRP. The overhead for adding the second field is very low --- only 1 bit.
Some companies may still be concerned with the DCI overhead increase. If the second field is not added, then the gNB cannot dynamically boost the PUSCH transmission power for the second TRP when there is strong interference. This may render the transmission unsuccessful. The only way that we can think of to remedy this without the 1-bit DCI overhead increase is to have multiple repetitions toward the second TRP, as likely only one of the repetitions may be hit by a strong interference. The con is that more PUSCH repetition is needed. RAN1 can weigh the pros and cons and decide, but we think two separate OLPC parameter set indication fields can be a simple and effective solution.

· Details on PHR reporting
For M-TRP PUSCH repetition, the N repetitions are transmitted at different times (i.e., TDMed) with TRP-specific power control parameters. Each of the N transmissions is sent to only one TRP, and in this sense it is a bit similar to S-TRP transmission when we examine each of the N transmissions individually. Therefore we think the problem may be simplified to studying the PHR reporting for separate S-TRP PUSCH transmissions. For separate S-TRP PUSCH transmissions, the existing PHR reporting mechanism seems still usable, that is, the actual (real) PHR is computed and reported based on the first (initial) PUSCH transmission of a transport block:
TS 38.213
[bookmark: OLE_LINK31][bookmark: OLE_LINK5][bookmark: OLE_LINK29][bookmark: OLE_LINK30]A UE determines whether a power headroom report for an activated serving cell [11, TS 38.321] is based on an actual transmission or a reference format based on the higher layer signalling of configured grant and periodic/semi-persistent sounding reference signal transmissions and downlink control information the UE received until and including the PDCCH monitoring occasion where the UE detects the first DCI format 0_0 or DCI format 0_1 scheduling an initial transmission of a transport block since a power headroom report was triggered if the power headroom report is reported on a PUSCH triggered by the first DCI. Otherwise, a UE determines whether a power headroom report is based on an actual transmission or a reference format based on the higher layer signalling of configured grant and periodic/semi-persistent sounding reference signal transmissions and downlink control information the UE received until the first uplink symbol of a configured PUSCH transmission minus T'proc,2=Tproc,2 where Tproc,2 is determined according to [6, TS 38.214] assuming d2,1 = 1, d2,2=0, and with µDL corresponding to the subcarrier spacing of the active downlink BWP of the scheduling cell for a configured grant if the power headroom report is reported on the PUSCH using the configured grant.
TS 38.321
The MAC entity determines whether PH value for an activated Serving Cell is based on real transmission or a reference format by considering the configured grant(s) and downlink control information which has been received until and including the PDCCH occasion in which the first UL grant for a new transmission that can accommodate the MAC CE for PHR as a result of LCP as defined in clause 5.4.3.1 is received since a PHR has been triggered if the PHR MAC CE is reported on an uplink grant received on the PDCCH or until the first uplink symbol of PUSCH transmission minus PUSCH preparation time as defined in clause 7.7 of TS 38.213 [6] if the PHR MAC CE is reported on a configured grant.
The UE can still compute and report PHR according to the existing standards and there is no ambiguity between the UE and gNB. In addition, depending on the M-TRP ordering (first to TRP1 and then to TRP2, or the other way around), one of the TRPs will receive the first of the N PUSCH transmissions of the same transport block, and the gNB can obtain the PHR for that TRP; and if the PHR for the other TRP is needed, the gNB may flip the M-TRP ordering so that the other TRP will receive the first of the N transmissions, based on which the PHR will be computed and reported.
It should be noted that the gNB may perform soft combining of some or all of the N PUSCH transmissions, and hence the PHR report information should be kept as the same across the N PUSCH transmissions. 
There were proposals to compute and report two separate PHR reports for the same transport block. This may lead to several issues:
· Due to the soft combining requirement, both reports have to be present in each repetition. This further requires the PHR MAC CE payload to be doubled to accommodate both reports, which increases the MAC CE overhead in the PUSCH transmission.
· Since the first PUSCH transmission needs to also carry the PHR report for the later PUSCH transmission to the other TRP, it is unclear whether such a PHR is qualified as a “real” (i.e., “actual”) PHR. If it is considered as a real PHR and to be reported, the UE has to change its legacy implementation behavior of computing PHR only up to the current transmission, and is forced to compute PHR for a future transmission. The UE complexity would be high.
· For the transmissions after the first PUSCH transmission in a repetition, according to our understanding, their resource allocation would be the same as the first transmission. Reporting another PHR does not provide the gNB with much useful information for a future resource allocation. For example, even if the second PHR (for the second TRP) tells the gNB that more resources can be allocated to the repetitions, the gNB may not be able to do so since it may be limited by the first PHR (for the first TRP). And if the second PHR is negative, we do not see any reason to change the resource allocation as long as the first PHR is fine and the UE always caps the power for the transmissions to the second TRP.
Finally, the PHR reporting may also be affected by CA, DC, power sharing, etc. Changing the PHR scheme may lead to high complexity. The current PHR reporting scheme seems working without any enhancements under all these scenarios, and no enhancement is critically needed. Hence, we suggest to stick with the current scheme.
Proposal 1: Support two separate OLPC parameter set indication fields, which has only 1-bit DCI overhead increase.
Proposal 2: For PHR reporting related to M-TRP PUSCH repetition, support Option 5, i.e., no changes to legacy PHR reporting and the PHR is reported based on the first transmission of the TB.

PUSCH S-TRP/M-TRP dynamic switching
The current working assumption is to introduce a new DCI field to indicate at least the S-TRP or M-TRP operation. The bitwidth needs further discussion. We note that in the last meeting, there was lengthy discussions on several options trying to reduce the overhead; however, with significant optimization in some of those options, in the most general cases, 1 additional bit is still needed for indicating only S-TRP and M-TRP, and if which S-TRP is to be indicated, 2 additional bits are needed. Given that, we think DCI overhead reduction here may not be worth pursuing, and RAN1 should focus on how to support the needed S-TRP and M-TRP operations.
[bookmark: _Hlk71559704]We would suggest the following indication with 2 bits: {TRP1 only, TRP2 only, TRP1 and then TRP2, TRP2 and then TRP1}. With this design, S-TRP and M-TRP can be supported, which S-TRP is selected can be indicated, and M-TRP transmission order can also be indicated. This design is straightforward and works for all cases under discussion.
Proposal 3: Support to add 2 bits in indicate dynamic switching among {TRP1 only, TRP2 only, TRP1 and then TRP2, TRP2 and then TRP1}.

PUSCH/PUCCH timing advance
An issue worth mentioning is the UL TA issue. For UL TA, detailed analysis can be found in Appendix 1. Note that a TA offset is relative to a certain DL timing, such as DL OFDM symbol starting time (based on the strongest path, or first path, or up to UE implementation) or the like, and the DL timing is referred to as the UL TA reference timing. The key observation from the detailed analysis is that, for Options 1~3 with only one UL TA offset and/or only one UL TA reference timing, there always exist some cases that a TRP will experience UL receive timing offset much longer (such as twice as long) than the TRP timing synchronization difference or propagation delay difference. Thus, the UL timing issue is a much more severe issue than DL timing issue. In other words, even if in DL, the M-TRP signals can be fit into one CP length, this will not be the case for UL in general. For example, if the DL timings at the UE side have a difference of 2 us, which may be within the CP length for 15 kHz SCS, the UL timing error seen at the TRP side may become 4 us, which is comparable to the CP length and can degrade the performance. UL TA needs to adopt Option 4, in which multiple TA offsets (i.e., TRP-specific TA offsets) are needed and multiple UL TA reference timings (i.e., TRP-specific reference timings to be used for the respective UL transmissions) are needed. 
Therefore, with RAN1 conclusion in FeMIMO Inter-cell M-TRP as:
Conclusion
The UE may assume received DL transmission from multiple TRP within a CP in FR1 and FR2.
· Note: This does not imply that RAN1 intends to ask RAN4 to tighten network synchronization requirements.
The UL TA differences among different UEs could be as long as 2 CP lengths in Rel-17 FeMIMO M-TRP. This can lead to considerable performance degradation for PUSCH transmission, as evaluated below.
A set of PUSCH evaluations have been performed, all with carrier frequency 4 GHz, SCS 30 kHz, UE speed 3 km/h, and 4T4R for UL. In addition, codebook and non-codebook based PUSCH, with 1 layer and 2 layers, and on TDL-A 30 ns and TDL-C 300 ns channels have been simulated. The UE is served by 2 TRPs, i.e., TRP 0 and TRP 1, but its UL TA is adjusted only according to TRP 0, so its UL TA to TRP 2 has an offset/error compared with other UL TA for UEs adjusted according to TRP 1. We sweep the TA error from –100% CP to + 150% CP.

[image: ]
Figure 10 M-TRP PUSCH performance with TA error, TDL-A 30 ns, codebook, 1 layer
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Figure 11 M-TRP PUSCH performance with TA error, TDL-A 30 ns, codebook, 2 layers
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Figure 12 M-TRP PUSCH performance with TA error, TDL-A 30 ns, non-codebook, 2 layers
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Figure 13 M-TRP PUSCH performance with TA error, TDL-C 300 ns, codebook, 1 layer
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Figure 14 M-TRP PUSCH performance with TA error, TDL-C 300 ns, non-codebook, 2 layers

We have the following observations:
· For TDL-A 30 ns
· +30% CP leads to no degradation
· All other cases (-100% CP ~ -30% CP, > +70% CP) lead to degradation
· -30% CP and +70% CP have about 1~2 dB degradation
· -70% CP and more, and +100% CP have significant degradation
· For TDL-C 300 ns
· +/-30% CP leads to no degradation
· All other cases (more than +/-70% CP) lead to degradation
· +70% CP have about 1~3 dB degradation
· -70% CP and more, and +100% CP have significant degradation
[bookmark: _Hlk68518001]Thus, even if the TA error is within a CP length, PUSCH degradation is possible and can be detrimental. What can be generally tolerable is [0,+50%] of CP length in UL TA error. However, with DL timing being with [-100%,+100%] of CP length, significant UL performance degradation can occur. Clearly, separate TA adjustments according to the multiple TRPs are necessary.
Proposal 4: For M-TRP UL TA, confirm that when DL timing difference is t, the UL timing difference can be up to 2t.
Proposal 5: For M-TRP UL TA, conclude that UL timing error can cause significant UL performance degradation.
Proposal 6: For M-TRP PUSCH enhancement, support two separate sets of TRP-specific TA offsets, each associated with a set of PUSCH configurations and all other UL transmissions QCLed/associated with it, and the TA offset is relative to the associated TRP-specific DL reference timing (e.g., the associated DL symbol starting time).

PRACH enhancement necessary to support M-TRP PUSCH/PUCCH
PRACH and TA enhancement is needed for robust/reliable/efficient transmissions of PUSCH/PUCCH. As argued above, depending on the cell size and synchronization accuracy between the TRPs, one TA may not be sufficient. Since the UE needs to transmit to multiple TRPs, UL TA needs to be acquired for each of the TRPs and then maintained by the UE. 
· Rel-15/16 design of one TA per carrier/serving cell may not be sufficient for Rel-17 inter-cell M-TRP uplink transmissions
Rel-15/16 TAGs are cell-based. In one carrier there is only one serving cell, and that cell is assigned with one TAG. With Rel-16 M-TRP design, for a TRP not co-located with a serving cell, Rel-16 does not have a separate TA for it and the UE applies the TA of the co-channel serving cell for this TRP. However, in Rel-17 inter-cell M-TRP, DL CP may not be sufficient to cover propagation delay differences, delay spread, and M-TRP sync inaccuracy, and similarly one can conclude that one TA for inter-cell M-TRP may not be sufficient. Using only one TA for all TRPs would negatively affects UL TA accuracy, PUCCH/PUSCH reliability/spectrum efficiency, sounding accuracy for UL/DL full MIMO CSI acquisition, and so on. Thus, it is suggested to support more than one TA in a carrier in Rel-17.
· Multiple PRACH configurations may be needed
To acquire TA from the inter-cell TRP, the UE needs to transmit PRACH according to the network configuration. It is not very clear whether the current standards already allow multiple PRACH configurations or not, but at least the UE behaviour to support multiple PRACH and multiple TAs in a carrier are not defined in the current standards. Hence, Rel-17 should provide clear standard specifications for supporting multiple PRACH/TA configurations. 
Proposal 7: For multi-TRP UL enhancement, support to acquire and maintain multiple TA values for multiple TRPs on the same carrier via PRACH enhancement and TA configuration enhancement.

[bookmark: _Ref129681832]Conclusion
In this contribution, we discussed non-PDSCH design with multi-TRP, focused on improving the reliability of the non-PDSCH channels. The following are proposed:
Proposal 1: Support two separate OLPC parameter set indication fields, which has only 1-bit DCI overhead increase.
Proposal 2: For PHR reporting related to M-TRP PUSCH repetition, support Option 5, i.e., no changes to legacy PHR reporting and the PHR is reported based on the first transmission of the TB.
Proposal 3: Support to add 2 bits in indicate dynamic switching among {TRP1 only, TRP2 only, TRP1 and then TRP2, TRP2 and then TRP1}.
Proposal 4: For M-TRP UL TA, confirm that when DL timing difference is t, the UL timing difference can be up to 2t.
Proposal 5: For M-TRP UL TA, conclude that UL timing error can cause significant UL performance degradation.
Proposal 6: For M-TRP PUSCH enhancement, support two separate sets of TRP-specific TA offsets, each associated with a set of PUSCH configurations and all other UL transmissions QCLed/associated with it, and the TA offset is relative to the associated TRP-specific DL reference timing (e.g., the associated DL symbol starting time).
Proposal 7: For multi-TRP UL enhancement, support to acquire and maintain multiple TA values for multiple TRPs on the same carrier via PRACH enhancement and TA configuration enhancement.

Appendix 1: TA analysis

Under M-TRP, say TRP1 and TRP2, the UE may have several options to determine its UL timing. First, the UE may use only one TA offset, i.e., the TA offset is based on TRP1 and will be applied to transmissions to both TRP1 and TRP2. An alternative to this is that the UE may adopt TRP-specific TA offsets. Second, the UE may need to determine a UL TA reference timing, i.e., a TA offset will be applied on top of a reference time such as the DL received time / DL symbol starting time or the like. The UL TA reference timing may be based on one of the TRPs or be TRP-specific. The four combinations are listed below and illustrated in Figure 1. 
· Option 1: Only 1 TA offset (based on TRP1), and only 1 UL TA reference timing (based on TRP1). See Figure 1 (a).
· Option 2: Only 1 TA offset (based on TRP1), and multiple UL TA reference timings (based on each TRP). See Figure 1 (b).
· Option 3: multiple TA offsets (based on each TRP), and 1 UL TA reference timing (based on TRP1). See Figure 1 (c).
· Option 4: multiple TA offsets (based on each TRP), and multiple UL TA reference timings (based on each TRP). See Figure 1 (d).
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(a) TA offset and TA reference timing Option 1

[image: ]
(b) TA offset and TA reference timing Option 2
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(c) TA offset and TA reference timing Option 3
[image: ]

(d) TA offset and TA reference timing Option 4
Figure 15 Illustrations of different TA offset options under different TRP synchronization settings. T, T+2us, or T-2us is the TRP transmit timing, and t or t+2us is the propagation delay.

Under these options, and under different TRP synchronization settings, the TRP receive timing offset can be computed. Table 1 shows a few typical cases with some example values. Relative to TRP1’s transmit timing and TRP1’s propagation delay, there could be a few cases for TRP2’s transmit timing and propagation delay, which are listed in the columns of TRP2-A, TRP2-B, and TRP2-C. The key observation is that, for Options 1~3, there always exist some cases that a TRP will experience UL receive timing offset much longer (such as twice as long) than TRP timing synchronization difference or propagation delay difference. In other words, even if in DL, the M-TRP signals can be fit into one CP length, this will not be the case for UL in general. Therefore, UL TA needs to adopt Option 4.

Table 1 UL TA analysis for different TRP synchronization settings and different TA offset options
	
	TRP1
	TRP2-A
	TRP2-B
	TRP2-C

	TRP Tx timing (us)
	T
	T
	T+p
	T+p

	Propagation delay (us)
	t
	t+d
	t
	t+d

	UE Rx timing
	T+t
	T+t+d
	T+t+p
	T+t+d+p

	Option 1: Only 1 TA offset (based on TRP1), and only 1 UL TA reference timing (based on TRP1)

	TA offset (based on TRP1)
	s
	s
	s
	s

	UL TA reference timing (based on TRP1)
	T+t
	T+t
	T+t
	T+t

	UE Tx timing
	T+t-s
	T+t-s
	T+t-s
	T+t-s

	TRP Rx timing
	T+2t-s
	T+2t-s
	T+2t-s
	T+2t-s

	TRP Rx timing offset
	2t-s
	2t-s+d
	2t-s-p
	2t -s+d-p

	TRP Rx timing offset eg1: s=2t, d=2us, p=2us
	0
	2
	-2
	0

	TRP Rx timing offset eg2: s=2t, d=2us, p=-2us
	0
	2
	2
	4

	Option 2: Only 1 TA offset (based on TRP1), and multiple UL TA reference timings (based on each TRP)

	TA offset (based on TRP1)
	s
	s
	s
	s

	UL TA reference timing (based on each TRP)
	T+t
	T+t+d
	T+t+p
	T+t+d+p

	UE Tx timing
	T+t-s
	T+t+d-s
	T+t+p-s
	T+t+d+p-s

	TRP Rx timing
	T+2t-s
	T+2t+2d-s
	T+2t+p-s
	T+2t+2d+p-s

	TRP Rx timing offset
	2t-s
	2t-s+2d
	2t-s
	2t -s+2d

	TRP Rx timing offset eg1: s=2t, d=2us, p=2us
	0
	4
	0
	4

	TRP Rx timing offset eg2: s=2t, d=2us, p=-2us
	0
	4
	0
	4

	Option 3: multiple TA offsets (based on each TRP), and 1 UL TA reference timing (based on TRP1)

	TA offset (based on each TRP)
	2t
	2t+2d
	2t
	2t+2d

	UL TA reference timing (based on each TRP)
	T+t
	T+t
	T+t
	T+t

	UE Tx timing
	T-t
	T-t-2d
	T-t
	T-t-2d

	TRP Rx timing
	T
	T-d
	T
	T-d

	TRP Rx timing offset
	0
	-d
	-p
	-d-p

	TRP Rx timing offset eg1: d=2us, p=2us
	0
	-2
	-2
	-4

	TRP Rx timing offset eg2: d=2us, p=-2us
	0
	-2
	2
	0

	Option 4: multiple TA offsets (based on each TRP), and multiple UL TA reference timings (based on each TRP)

	TA offset (based on each TRP)
	2t
	2t+2d
	2t
	2t+2d

	UL TA reference timing (based on each TRP)
	T+t
	T+t+d
	T+t+p
	T+t+d+p

	UE Tx timing
	T-t
	T-t-d
	T-t+p
	T-t-d+p

	TRP Rx timing
	T
	T
	T+p
	T+p

	TRP Rx timing offset
	0
	0
	0
	0
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