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1 Introduction

There is a WI agreed in RAN #94e [1] about MIMO enhancement in R18 with the following objectives related to RAN1:
	RAN1:

1. Study, and if justified, specify CSI reporting enhancement for high/medium UE velocities by exploiting time-domain correlation/Doppler-domain information to assist DL precoding, targeting FR1, as follows:

· Rel-16/17 Type-II codebook refinement, without modification to the spatial and frequency domain basis

· UE reporting of time-domain channel properties measured via CSI-RS for tracking

2. Specify extension of Rel-17 Unified TCI framework for indication of multiple DL and UL TCI states focusing on multi-TRP use case, using Rel-17 unified TCI framework.

3. Study, and if justified, specify larger number of orthogonal DMRS ports for downlink and uplink MU-MIMO (without increasing the DM-RS overhead), only for CP-OFDM,

· Striving for a common design between DL and UL DMRS

· Up to 24 orthogonal DM-RS ports, where for each applicable DMRS type, the maximum number of orthogonal ports is doubled for both single- and double-symbol DMRS

4. Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:

· Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off

· SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization, with the constraints that 1) without consuming additional resources for SRS; 2) reuse existing SRS comb structure; 3) without new SRS root sequences

· Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32

5. Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices

· Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study.

6. Study, and if needed, specify the following items to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, focusing on FR2 and multi-TRP, assuming up to 2 TRPs and up to 2 panels, targeting CPE/FWA/vehicle/industrial devices (if applicable)

· UL precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission

· The total number of layers is up to four across all panels and total number of codewords is up to two across all panels, considering single DCI and multi-DCI based multi-TRP operation.

· UL beam indication for PUCCH/PUSCH, where unified TCI framework extension in objective 2 is assumed, considering single DCI and multi-DCI based multi-TRP operation

· For the case of multi-DCI based multi-TRP operation, only PUSCH+PUSCH, or PUCCH+PUCCH is transmitted across two panels in a same CC.

7. Study, and if justified, specify the following 

· Two TAs for UL multi-DCI for multi-TRP operation 

· Power control for UL single DCI for multi-TRP operation where unified TCI framework extension in objective 2 is assumed.

For the case of simultaneous UL transmission from multiple panels, the operation will only be limited to the objective 6 scenarios.


There are some agreements, conclusion and working assumption related to two TAs for UL multi-DCI for multi-TRP operation on RAN1 #112b-e [2] which are shown as follows.
	Working Assumption

For intra-cell multi-DCI based Multi-TRP operation with two TA enhancement, support the case where a PDCCH order sent by TRPX triggers RACH procedure towards either TRPX or TRPY. 

· FFS: details of PRACH power control

Agreement

For multi-DCI based Multi-TRP operation with two TA enhancement, support at least RAR-based solution where RAR is only received from a TRP that is associated with Type 1 CSS

· RAR based

· FFS: RAR-less solution reusing the solution agreed in Rel-18 Mobility Enh

Agreement

For intercell multi-DCI based Multi-TRP operation with two TA enhancement, support indication of which PRACH configuration to be used in the RACH procedure in the PDCCH order.
· FFS: Whether additionalPCI or a generic identifier is indicated in PDCCH order
· FFS: The detail of the indication in PDCCH order in terms of whether to support PRACH triggered for inactive additionalPCI.
Conclusion 

For multi-DCI based Multi-TRP operation with two TA enhancement, how to indicate the TAG ID via absolute TA command MAC CE is left up to RAN2:
· One of two TAG IDs configured in the SpCell can be indicated
Agreement

For intra-cell multi-DCI based Multi-TRP operation with two TA enhancement, down-select one of the following alternatives:
· Alt 1: indicate TAG ID as part of TA command in RAR
· Alt 2: indicate TAG ID as part of PDCCH order

· Alt 3: divide SSBs into two groups, one for each TRP. If a SSB associated to a RACH procedure belongs to the nth group (n=1, 2), then the TA obtained via the RACH procedure corresponds to the nth TRP.

Agreement

For multi-DCI based inter-cell multi-TRP and intra-cell multi-TRP operation with two TAGs configured in a CC, for a CFRA based PDCCH order from one TRP triggering PRACH towards another TRP, study whether and, if needed, how to determine the transmit power of the triggered PRACH preamble



There are still remaining issues which need to be discussed for TA enhancement for UL multi-DCI based M-TRP operation, therefore, we will discuss some remaining issues related to TA enhancement in the following.
2 Discussion
It is agreed on last meeting that TAG is associated with TCI-state based on unified TCI framework. However, it is still FFS how to associate TAG to target UL channels/signals when Rel-15/16 spatial relation framework is used for UL transmission. If spatial relation information is configured for a UL transmission, TAG can be associated with spatial relation information which is similar to the case applying unified TCI framework for UL transmissions. Alternatively, TAG can be associated with CORESETPoolIndex value when Rel-15/16 spatial relation framework is used for UL transmission where a UL transmission can be associated with a CORESETPoolIndex value according to its scheduling/activating DCI (for DG/CG Type-2 PUSCH) or according to RRC signalling (for CG Type-1 PUSCH/PUCCH/SRS). However, spatial relation information will not be configured for UL transmission in FR1. In this case, TAG can be associated with each UL transmission directly. While the solution that TAG is associated with  CORESETPoolIndex value can still be workable in FR1. In our opinion, it is better to design a unique solution when Rel-15/16 spatial relation framework is used for UL transmission. Since the solution that TAG is associated with CORESETPoolIndex value is workable for both FR1 and FR2, therefore, we propose that 
Proposal 1: Support to associate TAG to CORESETPoolIndex for associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation when Rel-15/16 spatial relation framework is used for UL transmission.
Within the association between TAG and CORESETPoolIndex value, then a UL transmission associated with a CORESETPoolIndex value will be transmitted according to a TA value of a TAG associated with the CORESETPoolIndex value. Therefore, we propose that:
Proposal 2: Apply the TA value of a TAG associated with one CORESETPoolIndex value for all UL transmissions associated with the CORESTPoolIndex value when Rel-15/16 spatial relation framework is used for UL transmission.
For the indication of association between TA value and TAG for intra-cell M-TRP operation, down selecting will be performed from three alternatives in this meeting. Alt1 is indicating TAG ID as part of RAR. According to legacy specification, it can be seen that there is one reserved bit in the MAC RAR, fallbackRAR or successRAR. Since there are only two TAGs configured for M-DCI based M-TRP, then this reserved bit can be used to indicate that the TA command in any of these RARs is associated with which TAG of the two TAGs whose spec work is minor. While for Alt2 where indicating TAG ID as part of PDCCH order and Alt3 where implicitly indicating TAG ID by dividing SSBs into two groups, the spec work of the two alternatives is much larger than Alt1 apparently. Besides, Alt1 can also work for inter-cell M-TRP operation. Based on the analysis above, we propose that:

Proposal 3: Support Alt1 (indicate TAG ID as part of TA command in RAR) for indicating TAG ID for both intra-cell and inter-cell M-DCI based M-TRP operation.
It is already agreed that one additional PRACH configuration is configured for each configured additional PCI, so which PRACH configuration is used in the RACH procedure triggered by PDCCH order should be indicated. Considering that there are some reserved bits in DCI of a PDCCH order, adding a field in the DCI to indicate that the PRACH configuration used in the RACH procedure triggered by the PDCCH order is associated with the serving cell PCI or one additional PCI by using some reserved bits is a very straightforward way. If only TA acquisition of the activated additional PCI is supported, then only 1 bit is needed. If TA acquisition of any of configured additional PCIs is supported, then ceil(log2(N+1)) bits are needed to signal the target cell for the TA, where N is the number of the configured additional PCIs. Therefore, we propose that:
Proposal 4: Support to use 1 or ceil(log2(N+1)) reserved bits in DCI of a PDCCH order to indicate whether the PRACH configuration used in the RACH procedure triggered by the PDCCH order is associated with serving cell PCI or an additional PCIs for inter-cell multi-DCI based  Multi-TRP operation with two TA enhancement.

There is another remaining issue related to PRACH transmission associated with an additional PCIs for inter-cell multi-DCI based Multi-TRP operation which should be studied. According to legacy specification, whether a PRACH occasion is valid in TDD will be determined by the position of SSBs of the serving cell. However, in inter-cell multi-DCI based Multi-TRP, there is PRACH transmission associated with an additional PCI (non-serving cell TRP) for TA acquisition of the additional PCI. Thus, whether the SSBs of additional PCI(s) should be considered for the determination of validation of a PRACH occasion should be discussed. For a PRACH occasion associated with an additional PCI, whether the SSBs configured for the additional PCI should be considered for determination of validation of the PRACH occasion should be studied. Besides, considering there may be L1 beam measurement/reporting based on SSBs from multiple additional PCIs, whether these SSBs configured for L1 beam measurement/reporting should be considered for the determination of validation of a PRACH occasion should be further studied as well. Similarly, for a PRACH occasion associated with serving cell PCI (serving cell TRP), whether the SSBs of the activated additional PCI or the SSBs configured for L1 beam measurement/reporting should be considered for validation determination of the PRACH occasion should also be further studied.  Based on the analysis before, we propose that:

Proposal 5: Study whether the SSBs of the activated additional PCI or the SSBs configured for L1 beam measurement/reporting should be considered for validation determination of a PRACH occasion associated with the serving cell PCI.
Proposal 6: Study whether the SSBs of an additional PCI or the SSBs configured for L1 beam measurement/reporting should be considered for validation determination of the PRACH occasion associated with the additional PCI.
There is a working assumption to support that PDCCH order sent by one TRP can triggers RACH procedure towards either the same TRP or a different TRP for intra-cell Multi-TRP operation in last meeting. Since the feature is already supported for inter-cell Multi-TRP operation, it’s very natural to confirm this working assumption. Therefore, we propose that:
Proposal 7: Confirm the following working assumption:

For intra-cell multi-DCI based Multi-TRP operation with two TA enhancement, support the case where a PDCCH order sent by TRPX triggers RACH procedure towards either TRPX or TRPY. 

· FFS: details of PRACH power control
According to the legacy specification, it is known that the beam of PDCCH RAR and PDSCH RAR is determined according to the SSB or CSI-RS associated with the PRACH transmission triggered by the PDCCH order, and the beam of PDCCH order which triggering a CFRA in SpCell is QCL-ed with the beam of PDCCH RAR and PDSCH RAR which is shown in Fig 1.


[image: image1]
Fig 1 Illustration of beam of PDCCH and PDSCH related to a PRACH transmission according to legacy specification
And as we said that PDCCH RAR is always transmitted from Type 1 CSS which can only be transmitted from one TRP, then the beam of PDCCH RAR can’t be always same to the beam of the PRACH since the PRACH can be transmitted to the other TRP to obtain the TA of the other TRP. Besides, the beam of PDSCH RAR and PDCCH RAR should be transmitted from a same TRP since PDSCH is independently scheduled by each TRP in M-DCI based M-TRP operation. Therefore, the beam of PDSCH RAR can’t be always same to the beam of the PRACH since the PRACH can be transmitted to the other TRP. Since PDCCH order from one TRP can trigger a CFRA towards another TRP in multi-DCI based M-TRP operation, then the TRP for transmitting PDCCH order can’t always be the same TRP for transmitting PDCCH RAR and PDSCH RAR. According to our analysis, the beam determination of PDCCH order, PDCCH RAR and PDSCH RAR should be enhanced for multi-DCI based Multi-TRP operation with two TA enhancement. 
At least two options can be applied for beam determination mentioned above as shown below.

· Option 1: Considering there is TCI state indicated for the CORESET for PDCCH order or PDCCH RAR, the TCI state of the CORESET where the PDCCH order or the PDCCH RAR is transmitted can be used for RX reception just following the behavior of a normal PDCCH. Similarly, the beam of PDSCH RAR can be determined just following the behavior of beam determination of a normal PDSCH. 
· Option 2: If the PRACH transmission triggered by a PDCCH order is transmitted to the same TRP associated with Type 1 CSS, then the beam determination of PDCCH RAR and PDSCH RAR just follows the legacy spec; otherwise, the beam determination of PDCCH RAR and PDSCH RAR just follows the beam determination of a normal PDCCH and a normal PDSCH respectively. If the PDCCH order is transmitted from a TRP where Type 1 CSS is associated and it triggers a PRACH to the same TRP, the beam determination of the PDCCH order just follows the legacy spec; otherwise, the beam determination of PDCCH order just follows the beam determination of a normal PDCCH. 
However, for Option 2, how UE aware whether a PRACH transmission triggered by a PDCCH order and the PDCCH order is associated with the same TRP where Type 1 CSS is associated should be further discussed. For inter-cell case, it is not an issue since Type 1 CSS is always transmitted from the serving cell PCI (serving cell TRP) and whether the CORESET where a PDCCH order is transmitted is associated with the serving cell PCI (serving cell PCI) or an additional PCI (non-serving cell PCI) can be known according to the associated TCI state of the CORESET. Besides, whether the PRACH transmission triggered by a PDCCH order is associated with serving cell PCI (serving cell TRP) or additional PCI (non-serving cell PCI) will be indicated by the PDCCH order. However, things are different in intra-cell M-TRP operation since there is no similar association as in inter-cell M-TRP operation. Some further enhancement should be introduced to inform the related information to UE if Option 2 is adopted for intra-cell M-TRP operation. For example, some reserved bits in DCI format of a PDCCH order can be used to indicate whether a PRACH transmission triggered by a PDCCH order and the PDCCH order is associated with the same TRP where Type 1 CSS is associated. Or Option 2 is only adopted for inter-cell M-TRP operation but not intra-cell M-TRP operation.  
Therefore, based on all the analysis above, we propose that:
Proposal 8: Support enhancement of beam determination of PDCCH order, PDCCH RAR and PDSCH RAR for multi-DCI based Multi-TRP operation with two TA enhancement. 
Proposal 9: Consider the following two options for beam determination of PDCCH order, PDCCH RAR and PDSCH RAR.

Option 1: the beam determination of PDCCH order and PDCCH RAR follows the beam determination of a normal PDCCH, and the beam determination of PDSCH RAR follows the beam determination of a normal PDSCH.


Option 2: If the PRACH transmission triggered by a PDCCH order is transmitted to the same TRP associated with Type 1 CSS, then the beam determination of PDCCH RAR and PDSCH RAR just follows the legacy spec; otherwise, Option 1 is adopted. If the PDCCH order is transmitted from a TRP where Type 1 CSS is associated and triggers a PRACH to the same TRP, the beam determination of the PDCCH order just follows the legacy spec; otherwise, Option 1 is adopted.

Proposal 10: Further study the enhancement how to indicate whether a PRACH transmission triggered by a PDCCH order and the PDCCH order is associated with the same TRP where Type 1 CSS is associated if Option 2 is supported for intra-cell M-TRP operation.
It is agreed that RAR based solution for multi-DCI based Multi-TRP operation with two TA enhancement, while some companies wants to reuse the RAR-less solution in LTM for multi-DCI based Multi-TRP operation with two TA enhancement as well. From our perspective, RAR-less solution can be adopted in LTM because TA value of a candidate cell in LTM can be indicated in cell switch command, while there is no such command in multi-DCI based Multi-TRP operation. Therefore, we propose that:
Proposal 11: Do not support RAR-less solution agreed in R18 LTM for multi-DCI based Multi-TRP operation with two TA enhancement.
Since there are two TAs for UL transmissions on a serving cell which is configured with M-DCI based M-TRP operation, overlapping may occurs between two UL transmissions associated with two TAs. There are three alternatives introduced on last meeting where down-selecting should be done on this meeting. In our opinion, Alt1 and Alt2 introduce more specification impact compared to Alt3, therefore, we propose that:
Proposal 12：Support Alt3(Scheduling restriction is applied such that the UE does not expect the two UL transmissions to overlap) for the case when the UE does not support UL STxMP transmission.
3 Conclusion
As a summary, we have the following proposals on TA enhancement for M-DCI based multiple TRPs:

Proposal 1: Support to associate TAG to CORESETPoolIndex for associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation when Rel-15/16 spatial relation framework is used for UL transmission.
Proposal 2: Apply the TA value of a TAG associated with one CORESETPoolIndex value for all UL transmissions associated with the CORESTPoolIndex value when Rel-15/16 spatial relation framework is used for UL transmission.
Proposal 3: Support Alt1 (indicate TAG ID as part of TA command in RAR) for indicating TAG ID for both intra-cell and inter-cell M-DCI based M-TRP operation.
Proposal 4: Support to use 1 or ceil(log2(N+1)) reserved bits in DCI of a PDCCH order to indicate whether the PRACH configuration used in the RACH procedure triggered by the PDCCH order is associated with serving cell PCI or one of the additional PCIs for inter-cell multi-DCI based  Multi-TRP operation with two TA enhancement.

Proposal 5: Study whether the SSBs of the activated additional PCI or the SSBs configured for L1 beam measurement/reporting should be considered for validation determination of a PRACH occasion associated with the serving cell PCI.
Proposal 6: Study whether the SSBs of an additional PCI or the SSBs configured for L1 beam measurement/reporting should be considered for validation determination of the PRACH occasion associated with the additional PCI.
Proposal 7: Confirm the following working assumption:

For intra-cell multi-DCI based Multi-TRP operation with two TA enhancement, support the case where a PDCCH order sent by TRPX triggers RACH procedure towards either TRPX or TRPY. 

· FFS: details of PRACH power control
Proposal 8: Support enhancement of beam determination of PDCCH order, PDCCH RAR and PDSCH RAR for multi-DCI based Multi-TRP operation with two TA enhancement. 

Proposal 9: Consider the following two options for beam determination of PDCCH order, PDCCH RAR and PDSCH RAR.


Option 1: the beam determination of PDCCH order and PDCCH RAR follows the beam determination of a normal PDCCH, and the beam determination of PDSCH RAR follows the beam determination of a normal PDSCH.


Option 2: If the PRACH transmission triggered by a PDCCH order is transmitted to the same TRP associated with Type 1 CSS, then the beam determination of PDCCH RAR and PDSCH RAR just follows the legacy spec; otherwise, Option 1 is adopted. If the PDCCH order is transmitted from a TRP where Type 1 CSS is associated and triggers a PRACH to the same TRP, the beam determination of the PDCCH order just follows the legacy spec; otherwise, Option 1 is adopted.
Proposal 10: Further study the enhancement how to indicate whether a PRACH transmission triggered by a PDCCH order and the PDCCH order is associated with the same TRP where Type 1 CSS is associated if Option 2 is supported for intra-cell M-TRP operation.
Proposal 11: Do not support RAR-less solution agreed in R18 LTM for multi-DCI based Multi-TRP operation with two TA enhancement.
Proposal 12: Support Alt3(Scheduling restriction is applied such that the UE does not expect the two UL transmissions to overlap) for the case when the UE does not support UL STxMP transmission.
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