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[bookmark: _Ref506539118]Introduction
In NR MIMO Phase 5 WI, the following motivation and objective have been identified [1]:
Motivation:
	Heterogeneous Network can be deployed to improve UL throughput. Since the macro gNB and micro nodes differ in power rating, a UE may receive DL transmission from the macro gNB, but transmit UL to either the macro gNB or non-co-located micro nodes in order to maximize UL throughput. As an option to further reduce energy consumption, the micro nodes can, for instance, reduce or even turn off DL transmissions. To support such deployment scenario, enhancements on UL power control (PC) are needed at least. First, when pathloss RS is transmitted from the macro gNB and the UE transmits UL to the micro nodes, the pathloss measured from the pathloss RS from the macro gNB is not accurate. Therefore, it is necessary to configure the UE with pathloss offset to facilitate accurate calculation of the pathloss associated with the micro nodes. Second, an additional SRS closed-loop PC for DL CSI acquisition to the macro gNB (for DL transmission), separate from that for the SRS to the micro nodes (for UL mTRP reception) should be introduced. Therefore, there is a need for supporting two closed-loop PC adjustment states for SRS, both separate from PUSCH.


Objective:
	Specify enhancement for asymmetric DL sTRP/UL mTRP deployment scenarios, assuming intra-band intra-DU non-co-located mTRP scenarios, without changing existing cell definition or defining a new cell (e.g. UL-only cell), assuming the Rel-17/18 unified TCI framework and fully reusing the legacy QCL/UL spatial relation rules, targeting FR1 and FR2 
Two closed-loop PC adjustment states for SRS, both separate from PUSCH; and pathloss offset configurations for pathloss calculation to UL TRP(s), when the pathloss RS is from DL sTRP.


In the contribution, we present our views on the support for asymmetric DL/UL scenarios, focusing mainly on clarifying the scope and discussion topics for enhancements in Rel-19. 

Enhancement topics for asymmetric DL/UL
In the following we discuss the enhancement topics for supporting asymmetric DL/UL transmission according to the scenarios and transmission schemes described above.
Pathloss offset
	Agreement
For the asymmetric DL sTRP/UL mTRP deployment scenarios, support to associate a UL TCI state with a PL offset:
· When a UL TCI state associated with a PL offset is applied for the PUSCH/PUCCH/SRS transmission, the UE shall calculate the Tx power of the PUSCH/PUCCH/SRS based on the DL PL RS and PL offset associated with this UL TCI state.
· Reuse the legacy uplink power control formulation by replacing legacy PL with UL PL which is derived from the DL PL RS and the PL offset.
· FFS: The UE can update UL PL in a way that new UL PL = current UL PL + an update delta indicated by the NW.
· Note: it does not intend to increase the number of maintained PLs per cell.
· FFS: whether to support associating joint TCI state (if supported) with a PL offset.
Further study whether/how to apply a PL offset on PDCCH-order PRACH transmission too.
· FFS: how to determine the Tx beam of PRACH towards UL TRP 
· Note: this does not imply to support 2 TA for single-DCI based system.
Agreement
Down-select one from the following alternatives:
· Alt1: Use only RRC to update the PL offset associated with the UL TCI state
· Alt2: In addition to RRC, MAC-CE can be used to update the PL offset associated with the UL TCI state
· FFS: Details on MAC CE
Agreement
For the asymmetric DL sTRP/UL mTRP deployment scenarios, separate DL/UL TCI state mode of Rel-17/18 unified TCI framework can be configured for both FR1 and FR2.
· Joint TCI state mode can be configured at least for FR1



Details for PL-offset configuration

It is agreed that an UL-TCI State should be associated with a PL-offset. In this section we provide our thoughts on the configuration details. A list of PL-offset values could be configured in a manner similar to pathlossReferenceRSToAddModList-r17 and an UL-TCI-State can be configured with a new field indicating a value from the list (similar to PathlossReferenceRS-Id-r17). We don’t see a need to define UL PL or convey UL PL from the NW to the UE. 
It is agreed that a Joint TCI state mode can be configured at least for FR1. We don’t see a reason to extend the applicability of a Joint TCI state (in this context) to FR2 because clearly for a given UE, there is no use-case where an UL-only TRP is co-located with the serving DL/UL TRP. 
Proposal 1: A UE to be configured with a list of PL-offset values and a new field should be introduced in UL-TCI-State to indicate one value from the list. 
Proposal 2: Joint TCI state mode should not be configured for FR2 (in which case separate DL/UL TCI state should be used)
MAC-CE considerations
In RAN1#116 it was discussed whether a new MAC-CE needs to be introduced for dynamically indicating PL-offset. Given that an UL-TCI-State is associated with a PL-offset, the ability for the NW to change PL-offset values dynamically is already achieved. This is on top of the ability of the NW to adjust fine PL-offset using TPC. Therefore, there is no need to design a new MAC-CE.
Proposal 3: There is no need to design a new MAC-CE for PL-offset since the NW can dynamically change PL-offset via UL-TCI-State update (which is on top of TPC adjustments) 
PRACH considerations
We note that the concept of an UL-only TRP is not cell-defining as noted in the WID. Therefore, there is no need to consider PRACH for handover, RLF or initial access – the scope of this discussion is limited to the case of uplink synchronization in RRC CONNECTED state. In order to support PRACH in FR2 to an UL-only TRP we also need to consider QCL aspects of PRACH transmission (in addition to power) which is still unclear. Overall PRACH enhancements seem to expand the scope of this work. 

Technically we believe SRS can be used for tracking of UL timing. For incremental uplink timing updates, SRS always have been a clear choice for gNB to estimate timing as SRS can be configured to be wideband, which aids with obtaining more accurate timing, and if needed they can be power controlled separately to improve timing estimation accuracy. Because SRS is designed to have comb-structure in frequency domain, the signal will have repetitions in time domain, which can create timing ambiguity if the timing error is larger than faction of an OFDM symbol. However, the residual time error that can be handled by SRS based timing estimation is far larger than CP length. If needed gNB could configure SRS to use comb-2 structure, i.e., KTC = 2, which provides timing resolution up to half an OFDM symbol, which is about 10 time larger than CP length.
The potential drawback of SRS based timing estimation would be some limits to maximum cell-range. This, however, may be not a critical factor given that a UE is equipped with a single TA loop and the uplink timing difference (between a serving TRP and an UL-only TRP), that can be practically maintained, is anyway expected to be small. 

Proposal 4: PRACH enhancements are not critical for uplink timing determination for UL-only TRP (at least for UEs with a single TA loop)

SRS CL PC adjustment states
The following agreements were reached in RAN1#116
	Agreement
To facilitate the asymmetric DL sTRP/UL mTRP deployment scenarios, support configuring two closed-loop PC adjustment states for SRS in one CC, both of which are separate from that of the PUSCH.
Agreement
To support two SRS CLPC adjustment states, study and possibly down-select at least one from the following Alts:
· Alt1: SRS CLPC adjustment state is associated with SRS resource set
· Alt2: When the parameter srs-PowerControlAdjustmentStates is set to 'separateClosedLoop', closedLoopIndex-r17 in the TCI state indicates one of the SRS CLPC adjustment states
· Alt3: Add one extra parameter in P0AlphaSet-r17 of TCI state to indicate one of those two SRS CLPC adjustment states
· Alt4: SRS CLPC adjustment state is associated with SRS resource usage type
Note: Other alternatives are not precluded



In order to support two SRS CLPC adjustment states, certain configurations need to be enhanced as discussed among Alt1 – Alt4. Alt1 implies configuring a UE with 2 SRS resource sets for multiple CLPC states – note that multiple SRS resource sets are associated with multi-TRP operation which is not a necessary requirement in this case. We believe Alt2 allows associating SRS resource with a CLPC state that is also consistent with the agreement to associate a PL offset with an UL TCI state. However, even in Rel-19 not all UEs will have the capability or will be configured with 2 CLPC states for SRS – therefore there is a need to distinguish between legacy operation and 2 CLPC state operation. One option is to introduce another value setting for srs-PowerControlAdjustmentStates specific with 2 CLPC states. 

Proposal 5: Support Alt 2 (closedLoopIndex-r17 in the TCI state indicates one of the SRS CLPC adjustment states) for CLPC configuration. Further discuss how to differentiate 2 CLPC operation vs 1 CLPC operation.   

DCI format 2_3
The following agreement was made in RAN1#116 regarding enhancement for DCI format 2_3 
	Agreement
Study how to indicate TPC command for those two SRS CLPC adjustment states through DCI when the UE is configured two SRS CLPC adjustment states, down-select from the following options:
· Option 1: enhance the legacy DCI format 2_3 of higher layer parameter srs-TPC-PDCCH-Group = typeA;
· Option 2: enhance the legacy DCI format 2_3 of higher layer parameter srs-TPC-PDCCH-Group = typeB;
· Option 3: enhance the legacy DCI format 2_3 of higher layer parameter srs-TPC-PDCCH-Group = typeA and typeB;
· Option 4: enhance DCI format 1_1 and/or 0_1 to indicate TPC for SRS CLPC adjustment states
· Option 5: enhance the legacy DCI format 2_3 by introducing a new Type for higher layer parameter srs-TPC-PDCCH-Group
· Option 6: new DCI format to indicate TPC for SRS CLPC adjustment states
· Other options are not precluded.
For the Options1, 2, 3 and 5, consider at least the following Alts as possible examples:
· Alt1: In DCI format 2_3, add one additional TPC command for each CC configured with two SRS CLPC adjustment states, 
· the first TPC command is associated with the first SRS CLPC adjustment state and the second TPC command is associated with the second SRS CLPC adjustment state.
· Alt2: Introduce one 1-bit closed-loop-indicator field for each TPC command in DCI format 2_3 
· This 1-bit closed-loop-indicator indicates the first SRS CLPC adjustment state or the second SRS CLPC adjustment state. 
· Alt3: use two different TPC-SRS-RNTIs for DCI format 2_3: 
· DCI format 2_3 with CRC scrambled with the first TPC-SRS-RNTI and the second TPC-SRS-RNTI indicates the TPC command for the first and second SRS CLPC adjustment state, respectively. 
Alt4: Implicit method:



In general we think that Option 1-3, 5 belong the same category of enhancements with no new formats (Option 6) and no new SRS TPC indication methods (Option-4). Note that SRS is scheduled in a cell to a large number of UEs including UEs without data in their queues – therefore for TPC indication, a group common signaling is required in order to keep the signaling overhead manageable. Beyond a group common signaling, whether DCI signaling is required for UEs with queued traffic (DL or UL) can be further discussed.  
Among the Options 1-3, 5 one consideration is whether the two SRS CLPC adjustment states are also applicable to SRS carrier switching use cases or not. This aspect is not clear in the WID. Type B configuration of srs-TPC-PDCCH-Group provides TPC/SRS request information to the UE separately for each UL CC (SRS-CC-SetIndex is not configured). Type A configuration of srs-TPC-PDCCH-Group provides one SRS request for multiple UL CCs and multiple TPC commands, one for each UL CC together in one block. We think Type B configuration of srs-TPC-PDCCH-Group is a basic feature (compared to Type A) and sufficient to enable UL-only TRP. This could be the baseline for enhancement (Option 2)  with further discussion of both Type A and Type B (Option 3).

In terms of enhancement alternatives, we think the main choice is between Alt1 that includes TPC command for 2 adjustment states vs Alt2 that includes TPC command for 1 indicated adjustment state. In this context, we believe that the 2 adjustment states are targeting different TRPs and naturally different transmission occasions (or different TRPs) may be used for updating the corresponding CLPC states. Therefore, we have a slight preference for Alt-2 that comprises of a single TPC.
Proposal 6: Option 2 (enhancement of Type B) should be the baseline with further consideration of Option 3 (both Type A and Type B). we have a slight preference for Alt-2 that comprises of a 1-bit CLPC indicator field for the enhancement.

UTCI enhancements
[bookmark: _Hlk158736075]In heterogenous networks, it is typical to divert high load UL traffic to a LPN (or UL-only TRP) while DL traffic is flowing from the macro to the UE. It is, therefore, natural to consider that a UE dynamically switches between two modes of operation – a joint TCI mode for the macro, supporting DL channels and related UL transmissions (like SRS for DL, PUCCH) and an UL TCI mode for the LPN (or UL-only TRP) supporting PUSCH and SRS for UL. Therefore, we think it is beneficial to support a mix of joint TCI states and UL TCI states in MAC-CE activated DCI codepoints i.e., remove the restriction of RRC configured separate DL/UL TCI mode or joint TCI mode which was introduced in Rel-17. 
In order to support dynamic switching of UL transmissions among multiple nodes (including UL-only nodes) with low latency it is proposed to extend Rel-17 UL beam indication capability (which was limited to DL DCI formats in Rel-17) to UL DCI formats for both intra-cell and inter-cell cases. 
Proposal 7: Extend beam indication capability to UL DCI formats for both intra-cell and inter-cell cases. Consider supporting a mix of joint TCI states and UL-TCI states in MAC-CE activated DCI codepoints.

TA enhancements
In order to support UL transmissions to two TRPs with very different coverage (large difference in DL Tx power between the two nodes) a large TA difference is needed. Moreover this TA difference varies as a function of time due to movements in the environment or at the UE. Consequently it is quite difficult for the NW to adjust a single TA to order to handle UL transmissions with such TA differences. A natural solution in this case is to use 2-TA adjustment states at the UE. Note that in Rel-18 a UE is capable of supporting two UL timings (2 TAs) in the same serving cell conditioned on mDCI mTRP capability (both intra-cell and inter-cell cases are supported). The conditioning on mDCI mTRP configuration and capability is artificial and we propose to extend the 2-TA capability for sTRP and sDCI mTRP UL schemes in Rel-19  
Proposal 8: Consider 2 UL timings for sTRP DL/UL and sDCI mTRP UL transmission schemes

[bookmark: _Ref52481833]Conclusions
In this contribution, we presented our views on supporting asymmetric DL/UL transmissions for MIMO. we summarize the proposals below:
Proposal 1: A UE to be configured with a list of PL-offset values and a new field should be introduced in UL-TCI-State to indicate one value from the list. 
Proposal 2: Joint TCI state mode should not be configured for FR2 (in which case separate DL/UL TCI state should be used)
Proposal 3: There is no need to design a new MAC-CE for PL-offset since the NW can dynamically change PL-offset via UL-TCI-State update (which is on top of TPC adjustments)
Proposal 4: PRACH enhancements are not critical for uplink timing determination for UL-only TRP (at least for UEs with a single TA loop)
Proposal 5: Support Alt 2 (closedLoopIndex-r17 in the TCI state indicates one of the SRS CLPC adjustment states) for CLPC configuration. Further discuss how to differentiate 2 CLPC operation vs 1 CLPC operation.
Proposal 6: Option 2 (enhancement of Type B) should be the baseline with further consideration of Option 3 (both Type A and Type B). we have a slight preference for Alt-2 that comprises of a 1-bit CLPC indicator field for the enhancement.
Proposal 7: Extend beam indication capability to UL DCI formats for both intra-cell and inter-cell cases. Consider supporting a mix of joint TCI states and UL-TCI states in MAC-CE activated DCI codepoints.
Proposal 8: Consider 2 UL timings for sTRP DL/UL and sDCI mTRP UL transmission schemes
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