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Introduction
A work item has been approved to further evolve MIMO in Rel-18 [1]. Rel-18 improvements include identifying and specifying necessary enhancements for uplink MIMO. In particular, one of the focus areas of Rel-18 is multi-TRP operation, where the timing advance can be different for UL transmission to each TRP. To this end, one of the objectives of the Rel-18 MIMO WI is to study and if justified specify support for TAs:
7. Study, and if justified, specify the following
- Two TAs for UL multi-DCI for multi-TRP operation


In this contribution we present Samsung’s views on support of 2 TAs. 
Discussion
In NR, uplink transmissions are synchronized at the antenna interface, i.e., the uplink signals arriving from different users are aligned within one CP. This is required to maintain orthogonality between the uplink users. To achieve time alignment, network estimates the round trip time of each user and advances the UL transmission time from the UE by a time that depends on the round trip time. The round trip time is the sum of the downlink propagation delay and the uplink propagation delay. Initially, the time advance (TA) is estimated using a random access procedure. The TA value is then maintained using a TA command, which is sent from the network to the UE to change the TA value to ensure that the uplink time at the base station is within a certain range. When a UE communicates with two TRPs, it can be at a different distance from each TRP, and hence would require different TA values for each TRP (i.e., different UL transmission time for each TRP).
In RAN1#109-e, it was agreed that “two TAs for UL multi-TRP operation is supported in Rel-18”, “applicable to both FR1 and FR2”. Furthermore, it was agreed to “support two TA enhancement for both intra-cell and inter-cell multi-DCI multi-TRP scenarios in Rel-18”. However, some of the lower level details are still open and under discussion. In this document we consider the following aspects:
· Acquisition of the initial TA values.
· Association of TAs to channels and signals transmitted from different TRPs.
· Handling of overlap in uplink transmissions.

Acquisition of initial TA values
An initial TA value is an absolute TA, that determines the time of uplink transmission from a UE relative to a reference time. As discussed above, during channel configuration the initial TA is determined during the random access procedure. The UE is signalled the TA in the random access response (RAR). In case of 2 TRPs, with two TA values, there can be two initial TA values one for each TRP.  The TA value can be determined by:
· A random access procedure.
· RACH-less procedure, where the UE measures the difference in arrival time between two TRPs.

1 
2 
2.1 
Random Access procedure for TA acquisition
NR defined different types of RACH procedures that can be used for different purposes. RACH procedures can be higher-layer triggered (e.g., by the UE or gNB higher layers), and these can be contention based random access (CBRA) or contention free random access (CFRA). In RAN1#111, it was concluded that it is left for RAN2 to decide whether there is a need to enhance CBRA procedure to support per TRP UE-initiated RACH procedure.
A RACH procedure can also be triggered by the network through a PDCCH order. A PDCCH order can be contention-free in case the “Random Access Preamble index” in the DCI Format 1_0 of the PDCCH order is not all zeros. A PDCCH order can be contention-based in case the “Random Access Preamble index” in the DCI Format 1_0 of the PDCCH order is all zeros. In RAN1#111, it has been agreed to support CFRA triggered by PDCCH order for both intra-cell and inter-cell cases. It has also been concluded that there is no consensus to support enhancements for CBRA triggered by PDCCH order.

For CFRA-based PDCCH order, cross TRP-triggering is supported for the inter-cell scenario, but it is still an open point for the intra-cell scenario.
Agreement
For multi-DCI based Multi-TRP operation with two TA enhancement, support the case where a PDCCH order sent by one TRP triggers RACH procedure towards either the same TRP or a different TRP at least for inter-cell Multi-DCI.
· FFS: for intra-cell Multi-DCI
· FFS: whether there are any restrictions needed
· FFS: if cross TRP RACH triggering is an optional feature

In this section, we discuss the design details of cross-TRP PDCCH-order triggering for the inter-cell scenario, including signaling and RAR response. We also consider whether there is a necessity to support cross-TRP PDCCH order triggering for the intra-cell scenario and remaining design details for that scenario.
CFRA PDCCH Order for Inter-Cell Scenario
For inter-cell scenarios, as aforementioned, it has already been agreed to support cross-TRP PDDCH-order triggering. There are two remaining design aspects to consider:
1. Indication of the TRP towards which the PDCCH order is triggered and the details on how to determine and transmit the PRACH preamble.
2. Details about the RAR response including whether it can be received only on the serving cell, or on the serving cell as well as a non-serving cell.

The PDCCH order includes the fields shown in Table 1. The bits of the “frequency domain resource assignment” field of DCI Format 1_0 are set to all ones, indicating that this is a DCI Format for a PDCCH order. The preamble index, if non-zero, indicates the preamble index to use for the CFRA PRACH transmission. The SS/PBCH Index and the PRACH Mask index determine the RO to be used for the PRACH transmission for CFRA, based on association between the ROs and SSBs are described in TS 38.213. The PRACH transmission power is determined based in the SSB used for quasi-co-location of the PDCCH order DMRS. 
[bookmark: _Ref126770218]Table 1: Fields of DCI Format 1_0 triggering a PDCCH order.
	Field
	Size
	Description

	Identifier for DCI formats
	1
	The value of this bit field is always set to 1, indicating a DL DCI format

	Frequency domain resource assignment
	
	Set to all ones

	Random Access Preamble index
	6 bits
	

	UL/SUL indicator
	1 bit
	

	SS/PBCH index
	6 bits
	If “Random Access Preamble index” is not zero indicates SSB index of RO used, else this field is reserved

	PRACH Mask index
	4 bits
	If “Random Access Preamble index” is not zero indicates RO used, else this field is reserved

	Reserved bits
	At least 10 bits
	



In case of cross-TRP triggering, the preamble is sent towards a TRP of a cell other than the cell that sent the PDCCH order. In this case, additional signaling is need to determine the TRP towards which the PRACH is sent. A new field can be included in the PDCCH order for that purpose. This new field can be:
· A one-bit flag (e.g., PCI Flag) that indicates whether the PRACH of the PDCCH order is sent towards serving cell or another non-serving cell. The non-serving cell, for example, can be the cell with active TCI states.
· A 3-bit field that indicates the cell ID (e.g. PCI index), for example identifying, AdditionalPCIIndex-r17 (a value from 1 to 7) included in SSB-MTC-AdditionalPCI-r17. Value 0 can indicate the serving cell.

Proposal 1: For multi-DCI based inter-cell multi-TRP operation with two TA enhancement, for CFRA PDCCH order, include an additional flag or field in the PDCCH order to identify the cell towards which the PRACH of the PDCCH order is transmitted.

If the value of the PCI flag or the field in the PDCCH order is 0, the operation of the PDDCH order follows the legacy behavior as aforementioned. If the value of the PCI flag in the PDCCH order is non-zero, this indicates a PDCCH order with a PRACH transmitted towards a cell other than the cell triggering the PDCCH order. In this case, 
· The “Random Access Preamble index” field indicates the preamble of the PRACH transmission towards the other cell.
· The “UL/SUL indicator” field indicates whether the PRACH preamble is sent in the UL carrier or the SUL carrier of the other cell.
· The “SS/PBCH index” field indicates an SSB index of a cell determined based on the PCI Flag/PCI Index. The SSB determines the RO used for PRACH preamble transmission towards the cell. The indicated SSB index of the cell can also be used to determine the PRACH preamble transmission power. i.e., this field is used for PRACH RO association and transmission power of the PRACH preamble.
· The “PRACH Mask index” field determines the RO to use for PRACH preamble transmission towards the cell indicated by the PCI Flag/PCI Index.

Proposal 2: For multi-DCI based inter-cell multi-TRP operation with two TA enhancement, for CFRA PDCCH order,
· if the PCI field PCI flag or field is all zeros, the PDCCH order follows the legacy behavior.
· if the PCI field PCI flag or field indicates a PRACH transmission towards a cell other than the cell triggering the PDCCH order, the remaining fields in the PDCCH order are used to determine the preamble index and the RO of the PRACH preamble transmitted towards the other cell. The “SS/PBCH index” field is used to determine the transmission power of the PRACH preamble towards the other cell.

In RAN1#110b-e, the following agreement was made for the RAR response of the PDCCH order in case of inter-cell multi-TRP operation. There two options to consider, the first option is to have the RAR always sent from the serving cell. In this case, the non-serving cell (receiving the preamble) and the serving cell (transmitting the corresponding RAR response) would communicate with each other, if the backhaul latency between the two cells is large, this increases the transmission delay of the RAR. The second option is to have RAR sent from the cell towards which the PRACH preamble is transmitted.

Agreement
For inter-cell multi-DCI based Multi-TRP operation with two TA enhancement, support one of the alternatives (down selection to be done in RAN1#111):
· Alt 1: PDCCH scheduling RAR will always be received from serving cell => there is no need for additional type 1 CSS configuration per additional PCI
· Alt 2: In addition to PDCCH scheduling RAR being received from serving cell, reception of PDCCH scheduling RAR from a TRP corresponding to an additional PCI for a RACH procedure associated to the additional PCI is supported  additional type 1 CSS configuration per additional PCI needs to be supported

In RAN1#112, it was concluded that there are no additional (other than that of the serving cell) Type1-PDCCH CSS set configurations.
Conclusion
For inter-cell multi-DCI based multi-TRP operation with two TA enhancement, there is no consensus to introduce additional type 1 CSS configuration per additional PCI.

This conclusion doesn’t address whether the RAR is sent from the serving cell or the non-serving cell towards which the preamble is sent, as the QCL of the RAR can be determined based on the SSB used to determine the PRACH preamble transmission power regardless of the Type1-PDCCH CSS set configuration. Furthermore, the following proposal was discussed but not agreed in RAN1#112
Proposal 6 
For multi-DCI based Multi-TRP operation with two TA enhancement, study the following alternatives:
· Alternative 1:  RAR based
1. A PDCCH order triggers a PRACH towards TRP X corresponding to an active additional PCI or a serving cell PCI of a Scell or a  SpCell where TRP X is not associated to a Type 1 CSS (i.e., the CORESET associated to the Type 1 CSS is associated to a different TRP)
2. TRP X receives PRACH from the UE, and estimates the corresponding TAx
3. TRP X exchanges estimated TAx with TRP Y corresponding to the serving cell PCI of a SpCell and TRP Y is associated to Type 1 CSS (i.e., the CORESET associated to the Type 1 CSS is  associated to TRP Y)
4. TRP Y sends RAR to the UE which includes the estimated TAx 

· Alternative 2:  MAC CE based
1. A PDCCH order triggers a PRACH towards TRP X corresponding to an active additional PCI or a serving cell PCI  
2. TRP X receives PRACH from the UE, and estimates the corresponding TAx
3. TRP X indicates TAx to UE via “Absolute Timing Advance Command MAC CE”
4.  The RACH procedure is terminated after the MAC CE is received successfully   

· Alternative 3
1. A PDCCH order triggers a PRACH towards TRP X corresponding to an active additional PCI or a serving cell PCI of a Scell or a  SpCell where TRP X is not associated to a Type 1 CSS (i.e., the CORESET associated to the Type 1 CSS is associated to a different TRP)
2. TRP X receives PRACH from the UE, and estimates the corresponding TAx
3. TRP X sends RAR to the UE which includes the estimated TAx using Type 1 CSS of a serving cell and QCL based on the SSB used for the preamble transmission

· Other alternatives not precluded

In alternative 1 as described above, it is not clear which TRP sends the PDCCH order, is it TRP X (towards which the preamble is sent) or TRP Y (from which the RAR is sent), or a third TRP other than TRP X and TRP Y. We think this should be TRP Y. However, alternative 1 suffers from potentially having long backhaul delay to transfer the TA from TRP X to TRP Y. This can potentially lead to longer RAR window. There could be ambiguity on the PRACH occasion the RAR response is associated with. Note that the equation for the RA-RNTI in TS 38.321, used to determine the PRACH occasion of the RAR, is given by: RA-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id, with f_id<8. If the RAR window exceeds 8 frames or 80 ms, there would be ambiguity for Type1 Random access procedure. It is not clear in alternative 1, how the QCL is determined, we assume that if TRP Y is the TRP that sent the PDCCH order, then the QCL of the PDCCH DMRS of the RAR and the corresponding PDSCH can follow the QCL of the PDCCH DMRS of the PDCCH order. Type1-PDCCH CSS set configured for the serving cell can be used for PDCCH monitoring occasions of the RAR.
Alternative 2, requires a change to RACH procedure by sending an “Absolute Timing Advance Command MAC CE”, we don’t see a need for this, as this is similar to sending a RAR from the non-serving which is already part of the random access procedure and alternative 3.
Alternative 3, has the RAR sent from the same TRP that received the preamble and determined the TA. There is no additional latency (unlike Alt1). The RACH procedure remains the same, with a RAR in response to a PRACH preamble (unlike Alt2). The QCL of the PDCCH DMRS of the RAR can be determined based on the SSB used for preamble transmission. This is according to the Rel-15 RACH design, where for a RAR transmitted in a Type1-CSS set “the UE may assume same [PDCCH] DM-RS antenna port quasi co-location properties, … as for a SS/PBCH block or a CSI-RS resource the UE used for PRACH association, … regardless of whether or not the UE is provided TCI-State for the CORESET where the UE receives the PDCCH with the DCI format 1_0” [TS 38.213 clause 8.2]. The Type1-PDCCH CSS set configured for the serving cell can be used for PDCCH monitoring occasions of the RAR in this case also. We prefer alternative 3, i.e., having the RAR sent from the cell towards which the PRACH preamble is transmitted, to avoid backhaul latency. 
The TAG ID can be determined based on the PCI flag or PCI index of the PDCCH order. For example, if the PCI flag or field is zero, this can correspond to one TAG-ID, if the PCI flag is non-zero this can correspond to the other TAG-ID.  
Proposal 3: For inter-cell multi-DCI based multi-TRP operation with two TA enhancement, for CFRA PDCCH order, Type1-PDCCH CSS set configured for the serving cell can be used for PDCCH monitoring occasions of the RAR.
· If the PDCCH order from the serving cell triggers a preamble towards the non-serving cell, the UE may assume that the PDCCH that includes the DCI format 1_0 of the RAR as well as corresponding PDSCH have the same antenna port quasi co-location properties as the SSB used for the PRACH preamble transmission.

Proposal 4: For inter-cell multi-DCI based multi-TRP operation with two TA enhancement, for a CFRA PDCCH order, TAG ID is determined based on the PCI flag or PCI index of the PDCCH order.

CFRA PDCCH Order for Intra-Cell Scenario
An open point from RAN#111 is whether to support cross-TRP PDCCH order PRACH transmission for intra-cell scenarios with 2 TRPs. We don’t see a strong need to support cross-TRP PDCCH order PRACH transmission. In case, of intra-cell scenarios, the PDCCH order is triggered by the TRP towards which the PRACH preamble is transmitted. In this case, the PRACH preamble is transmitted using a spatial filter and power determined based on an SSB resource that is the source RS of the PDCCH DM-RS of the PDCCH order as described in TS 38.213 clause 8.2: “the UE may assume that the PDCCH that includes the DCI format 1_0 and the PDCCH order have same DM-RS antenna port quasi co-location properties”. In this case, indication of the TAG ID is based on the TCI state of the PDCCH order or the serving cell.
Proposal 5: For intra-cell multi-DCI based multi-TRP operation with two TA enhancement, a CFRA PDCCH order sent by one TRP triggers RACH procedure towards the same TRP. 
· The preamble is transmitted using a spatial filter and power determined based on an SSB resource that is the source RS of the PDCCH DM-RS of the PDCCH order.
Proposal 6: For intra-cell multi-DCI based multi-TRP operation with two TA enhancement, for a CFRA PDCCH order, TAG ID is determined based on the TCI state of PDCCH order. 
For intra-cell scenarios, the RAR is sent from the TRP sending the PDCCH order. The QCL of the PDCCH of the RAR and the corresponding PDSCH can follow the QCL of the PDCCH order. Type-1 CSS configured for the serving cell can be used for PDCCH monitoring occasions of the RAR.
Proposal 7: For intra-cell multi-DCI based multi-TRP operation with two TA enhancement, for CFRA PDCCH order, Type1-PDCCH CSS set configured for the serving cell can be used for PDCCH monitoring occasions of the RAR. The UE may assume that the PDCCH that includes the DCI format 1_0 of the RAR as well as corresponding PDSCH and the PDCCH order have same DM-RS antenna port quasi co-location properties.
TAG ID in Absolute TA command
In RAN1#112 the following proposal was made regarding the explicit indication of the TAG ID in the absolute TA command MAC CE, but not agreed.
Proposal 3 
For multi-DCI based Multi-TRP operation with two TA enhancement, support explicitly indicating the TAG ID via absolute TA command MAC CE:
· One of two TAG IDs configured in the SpCell can be indicated
· Detailed MAC CE design on how to indicate the TAG ID is up to RAN2
· Note: This applies at least to MSGB in case of C-RNTI

We support the explicit indication of the TAG ID in the absolute TA command MAC CE.
Proposal 8: For multi-DCI based Multi-TRP operation with two TA enhancement, support explicitly indicating the TAG ID via absolute TA command MAC CE.

Random Access-Free procedure for TA acquisition
In case of intra-cell multi-TRP, it would seem natural that in a cell with multiple TRPs to allocate or associate the SSBs to the TRPs as illustrated in Figure 1. When a UE is communicating with 2 TRPs initially, it can use 1 TA for both TRPs. If the difference of the time of arrival from the first TRP and the second TRP is larger than a threshold (the time of arrival can be measured using the SSBs of each TRP), a random access procedure can be triggered towards the second TRP using one of the SSBs of the second TRP. The TA measured by the second TRP is then used as the initial TA for TRP2.



[bookmark: _Ref110934224]Figure 1: Association of SSBs to TRPs.

Proposal 9: For intra-cell multi-DCI based Multi-TRP operation with two TA enhancement, the UE is informed of the association between SSBs and TRPs.
Initially, the UE is signalled two TA values (one for each TRP, e.g., TRPA and TRPB). The UE determines the transmission time to each TRP as follows (at time instant 1):


The UE can measure the time of arrival from each TRP based on the DL reference signals associated with each TRP, and find the difference in propagation delay at the time when  and  are signalled (time instant 1). This is illustrated in Figure 2.
At a later time, the UE is signalled the TA of TRPA (at instant 2), 
At which time, the TRPB has a round trip time of . The change in differential propagation delay ( between instance 1 and 2 can be measured by the UE as:

The UE can then determine the TA of TRPB based on (1) the indicated TA of TRPA and (2) the change in differential propagation delay


Proposal 10: Using the measured difference in differential propagation delay between the first TRP and the second TRP the UE can determine the uplink transmission time to the second TRP when signalled a TA for the first TRP.



[bookmark: _Ref101785235]Figure 2: DL and UL timings at UE and TRPs when UE is communicating with 2 TRPs.

Association of TAs to channels and signals of different TRPs
In RAN1#112, the following agreement was reached:

Agreement
For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, support the following:
Associate TAG to TCI-state
· Associate TAG ID with UL/joint TCI state 
· For UL transmission, the TAG ID associated with the UL/joint TCI state is utilized
· A baseline is UE expects that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESET Pool Index correspond to one TAG
· Working Assumption: A UE may report that it supports that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESETPoolIndex correspond to both TAGs
FFS: on how to handle association when Rel-15/16 spatial relation framework is used for
· PUCCH
· DG/CG Type 1/Type 2 PUSCH
· AP/SP/P SRS

Based on this agreement, the TAG ID is associated with the UL/Joint TCI. This applies to the unified TCI state framework. The TAG ID can be included in the UL TCI state or the Joint TCI state.
Proposal 11: Include TAG ID in the UL or Joint TCI state. 
There are a few open points in the agreement:
First, The UE expects that the UL/Joint TCI states of one CORESETPoolIndex are associated with one TAG ID. There was discussion whether this should be activated UL/Joint TCI states. The TAG ID can be determined based on whether the source RS of a TCI state belongs to one TRP or the other. The CORESETPOOLIndex can also be determined based on the TRP. This is all decided at configuration time (not at the time of TCI state activation). Hence, the association can be based on the configuration of TCI states, and there is no need to keep [activated]. The UL and Joint TCI states are those of UL signals/channels, hence we can keep “of UL signals/channels”
Proposal 12: Update agreement from RAN1#112 as follows:
· A baseline is UE expects that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESET Pool Index correspond to one TAG

Second, another open point from RAN1#112 is the working assumption that the UE reports its capability to support one CORESETPOOLIndex associated with two TAG IDs. We support confirming the working assumption.
Proposal 13: Confirm the following working assumption
· Working Assumption: A UE may report that it supports that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESETPoolIndex correspond to both TAGs

Finally, the last FFS deals with Rel-15/Rel-16 spatial relation framework. Spatial relation is defined for FR2, therefore in FR2 the TAG ID can be associated to the spatial relation, the spatial relation in this case is similar to the UL/Joint TCI state in the agreement. Rel-15/Rel-16 doesn’t support spatial relation framework for FR1, therefore we suggest not support 2TA in FR1 when the spatial relation framework is configured.
Proposal 14: Limit support of 2TA when the Rel-15/Rel-16 spatial relation framework is used to FR2. For FR2, associate TAG to spatial relation following the agreement made in RAN1#112 replacing TCI with spatial relation.

0. 
0. 
0. Handling overlap UL transmissions
In RAN1#112, the following agreement, discussing various options for handling overlap of UL transmissions associated with two TAs was reached.

Agreement
For multi-DCI based Multi-TRP operation with two TA enhancement, for the case when the UE does not support UL STxMP transmission, down-select at least one of the following in RAN1#112bis-e:
· Alt 1:  Introducing a time gap X between two UL transmissions associated with two different TA values
· E.g., X symbols in the slot(s) corresponding to the two UL transmission remain unused
· FFS: How X is determined
· Alt 2:  Reduce the overlapping duration of one of the two UL transmissions
· Alt 3:  Scheduling restriction is applied such that the UE does not expect the two UL transmissions to overlap
· Other alternatives are not precluded

Alt1 seems to a be a special case of Alt3, i.e., reducing scheduling restrictions, with the time gap X being determined by the network. Therefore, we don’t a see a benefit to support Alt1.
Both Alt2 and Alt3 can be supported, as they are not mutually exclusive. Scheduling restrictions (Alt3) can be used to minimize the occurrence or amount of overlap between UL transmissions. If there is an overlap, the UE can shorten the duration of the later UL transmission (Alt2).
In NR, with a single TA, UL transmissions in consecutive slots can overlap. For example, if the transmission in a later slot is advanced relative to the transmission of an earlier slot. In this case, the UE shortens the duration later slot according to TS 38.213 (clause 4.2).

If two adjacent slots overlap due to a TA command, the latter slot is reduced in duration relative to the former slot.

However, it should be noted that maximum advancement in TA between two slots is , where  is a reference time equal to 32.55 ns. This is based on the following equation in units of , where, 



If the overlap between two uplink transmission is equal to or less than , the duration of the latter transmission is shortened to avoid overlap. Beyond that, scheduling restriction can be used to avoid a larger overlap.
In RAN1#110b-e, it was further concluded that it cannot always be assumed that both TRPs have knowledge of the overlapping region between transmissions corresponding to the two TAs for example in case of non-ideal backhaul between the two TRPs. When a TRP is not aware of the scheduling decisions of the other TRP (e.g., due to non-ideal backhaul, or inter-DU scenarios), dynamic scheduling restrictions might not be a viable option. However, semi-static scheduling restrictions are still possible for example based on a worst case overlap between transmissions using the two TAs.
If the UE supports a single UL transmission, the network can avoid having UL transmissions that overlap due to 2 TA, either by dynamic or semi-static scheduling restrictions. Therefore, we prefer to leave this issue to scheduling restrictions by gNB implementation. Further discussion is needed for the case of STxMP. 

Proposal 15: For multi-DCI based multi-TRP operation with two TAs, scheduling restrictions (dynamic or semi-static) by gNB implementation, can avoid having overlap between two UL transmissions associated with two TAs that is larger than , when the UE supports a single UL transmission (Alt 3).
· For overlap less than or equal to  the duration of the later transmission is shortened (Alt2).
· FFS: when the UE supports STxMP (if introduced).
Conclusions
The following proposals have been made regarding support of 2 TAs
Proposal 1: For multi-DCI based inter-cell multi-TRP operation with two TA enhancement, for CFRA PDCCH order, include an additional flag or field in the PDCCH order to identify the cell towards which the PRACH of the PDCCH order is transmitted.
Proposal 2: For multi-DCI based inter-cell multi-TRP operation with two TA enhancement, for CFRA PDCCH order,
· if the PCI field PCI flag or field is all zeros, the PDCCH order follows the legacy behavior.
· if the PCI field PCI flag or field indicates a PRACH transmission towards a cell other than the cell triggering the PDCCH order, the remaining fields in the PDCCH order are used to determine the preamble index and the RO of the PRACH preamble transmitted towards the other cell. The “SS/PBCH index” field is used to determine the transmission power of the PRACH preamble towards the other cell.
Proposal 3: For inter-cell multi-DCI based multi-TRP operation with two TA enhancement, for CFRA PDCCH order, Type1-PDCCH CSS set configured for the serving cell can be used for PDCCH monitoring occasions of the RAR.
· If the PDCCH order from the serving cell triggers a preamble towards the non-serving cell, the UE may assume that the PDCCH that includes the DCI format 1_0 of the RAR as well as corresponding PDSCH have the same antenna port quasi co-location properties as the SSB used for the PRACH preamble transmission.
Proposal 4: For inter-cell multi-DCI based multi-TRP operation with two TA enhancement, for a CFRA PDCCH order, TAG ID is determined based on the PCI flag or PCI index of the PDCCH order.
Proposal 5: For intra-cell multi-DCI based multi-TRP operation with two TA enhancement, a CFRA PDCCH order sent by one TRP triggers RACH procedure towards the same TRP. 
· The preamble is transmitted using a spatial filter and power determined based on an SSB resource that is the source RS of the PDCCH DM-RS of the PDCCH order.
Proposal 6: For intra-cell multi-DCI based multi-TRP operation with two TA enhancement, for a CFRA PDCCH order, TAG ID is determined based on the TCI state of PDCCH order. 
[bookmark: _GoBack]Proposal 7: For intra-cell multi-DCI based multi-TRP operation with two TA enhancement, for CFRA PDCCH order, Type1-PDCCH CSS set configured for the serving cell can be used for PDCCH monitoring occasions of the RAR. The UE may assume that the PDCCH that includes the DCI format 1_0 of the RAR as well as corresponding PDSCH and the PDCCH order have same DM-RS antenna port quasi co-location properties.
Proposal 8: For multi-DCI based Multi-TRP operation with two TA enhancement, support explicitly indicating the TAG ID via absolute TA command MAC CE.
Proposal 9: For intra-cell multi-DCI based multi-TRP operation with two TA enhancement, the UE is informed of the association between SSBs and TRPs.
Proposal 10: Using the measured difference in differential propagation delay between the first TRP and the second TRP the UE can determine the uplink transmission time to the second TRP when signalled a TA for the first TRP.
Proposal 11: Include TAG ID in the UL or Joint TCI state. 
Proposal 11: Update agreement from RAN1#112 as follows:
· A baseline is UE expects that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESET Pool Index correspond to one TAG
Proposal 13: Confirm the following working assumption
· Working Assumption: A UE may report that it supports that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESETPoolIndex correspond to both TAGs

Proposal 14: Limit support of 2TA when the Rel-15/Rel-16 spatial relation framework is used to FR2. For FR2, associate TAG to spatial relation following the agreement made in RAN1#112 replacing TCI with spatial relation.
Proposal 15: For multi-DCI based multi-TRP operation with two TAs, scheduling restrictions (dynamic or semi-static) by gNB implementation, can avoid having overlap between two UL transmissions associated with two TAs that is larger than , when the UE supports a single UL transmission (Alt3).
· For overlap less than or equal to  the duration of the later transmission is shortened (Alt2).
· FFS: when the UE supports STxMP (if introduced).
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