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1. Introduction
The WID of NR MIMO enhancements for Rel-19 related to enhancement for asymmetric DL sTRP/UL mTRP scenarios is [1]: 
	1. 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 
a. 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 this contribution, we will discuss enhancement for asymmetric DL sTRP/UL mTRP deployment scenarios for inter-cell non-co-located mTRP scenarios.
2. Interference observed in HetNet scenario
UL performance is the bottleneck in our network mainly due to the reason that the UE has lower transmit power and fewer transmit antennas, and commercial network uses DL-heavy TDD patterns. One solution to improve UL performance is to deploy UL-only TRP, such UL-only TRP would not be capable of any DL transmission that can reduce the hardware cost. However, the cost of a site is dominated by site rental and deployment cost, other than hardware cost. The site rental and deployment cost would be the same for an UL-only TRP as for a normal TRP. In the end, the lower hardware cost may not lead to a significant reduction in total site cost. So, in our network, heterogeneous network has been deployed to improve UL throughput. In HetNet deployment, the Tx power of macro site is larger than micro site, for example, the Tx power of macro site is 53dBm, the Tx power of outdoor micro site is 37dBm-43dBm, the Tx power of indoor pico site is 23dBm-26dBm. It can be seen larger than 15dB DL-Tx-power gaps is existed in HetNet deployment, and this causes severe interference from outdoor macro site towards to outdoor micro site, or from outdoor macro site towards to indoor pico site, especially for the UEs by the window. 
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Fig.1 HetNet deployment
Observation 1: In HetNet deployment, severe interference from macro site to micro/pico site is observed due to larger than 10dB DL-Tx-power gaps.
As shown in Fig.2, due to larger than 20dB DL-Tx-power gaps between outdoor macro site and indoor pico site, asymmetric coverage is observed in HetNet deployment. 
· In zone 1, outdoor macro site has better coverage for both DL and UL, UEs are served by outdoor macro site. 
· In zone 2, asymmetric coverage is observed. For DL, due to larger than 20dBm DL-Tx-power gaps between outdoor macro site and indoor pico site, although outdoor macro site has larger path loss and larger penetration loss than indoor pico site, the DL-RSRP of outdoor macro site is still larger than indoor pico site. Based on the optimal site selection scheme that according to optimal DL received power (e.g., DL-RSRP), then outdoor macro site is selected as serving cell. However, for UL, the transmission power from UE to outdoor macro site and indoor pico site is the same, but due to larger path loss and larger penetration loss to outdoor macro site, the UL-RSRP of outdoor macro site is smaller than indoor pico site, which leads to UL performance reduction.
· In zone 3, indoor pico site has better coverage for both DL and UL, UEs are served by indoor micro site. The data rate loss of indoor UEs has been observed in current network deployment. As shown in Fig. 3, the x-axis is the DL received power of indoor pico site minus outdoor macro site, the y-axis is the DL date rate loss observed in our network. When the DL received power of indoor pico site minus outdoor macro site is equal to 0dB, which is at the boundary of zone 2 and zone 3 in Fig. 2, and UE is served by indoor pico site, the data rate loss is about 33%. When the DL received power of indoor pico site minus outdoor macro site is equal to 0dB-5dB, the data rate loss is about 21.4%. In our network, up to 33% data rate loss has been observed by indoor UEs due to severe interference from outdoor macro site to indoor pico site.
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Fig.2 Asymmetric coverage in HetNet deployment
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Fig.3 DL data rate loss caused by the power level difference observed by indoor UE (dB)
Observation 2: 	Up to 33% data rate loss has been observed by indoor UEs due to severe interference from outdoor macro site to indoor pico site. 
3. Inter-cell beam management for asymmetric DL and UL transmission for inter-cell deployment
As stated in the justification of the NR MIMO Phase 5 WID [1], 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. Additionally, as stated in the objective of the NR MIMO Phase 5 WID [1], it is assumed with intra-band intra-DU non-co-located mTRP scenarios, where intra-DU includes both inter-cell and intra-cell scenarios. It can be seen that inter-cell scenario is supported in the WID for asymmetric DL and UL transmission.
For UEs in zone 2, if asymmetric DL and UL transmission scheme is introduced, since outdoor macro site has better coverage for DL, then outdoor macro site can be used for DL transmission, while indoor pico site has better coverage for UL, then indoor pico site can be used for UL reception. The asymmetric DL and UL transmission scheme significantly increases the UL performance. For UEs in zone 3, if asymmetric DL and UL transmission scheme is introduced, since outdoor macro site has severe interference to indoor pico site, then outdoor macro site can be used for DL transmission, while indoor pico site has better coverage for UL, then indoor pico site can be used for UL reception. The asymmetric DL and UL transmission scheme eliminates the interference from outdoor macro site to indoor pico site. In HetNet deployment, as shown in Fig.4, indoor pico site and outdoor macro site are deployed at same frequency with different cell ID (Inter-cell). Both indoor pico site and outdoor macro site transmit SSBs with different cell ID. In this case, when asymmetric DL and UL transmission scheme is used, the pathloss offset configuration is not needed for inter-cell scenario, where SSBs from indoor pico site can be used as pathloss RS when UE transmits PUCCH and PUSCH to indoor pico site. The pathloss is more accurate compared to calculate pathloss from RSs from outdoor macro site and add a pathloss offset to obtain the pathloss for indoor pico site.
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Fig.4 Inter-cell deployment with asymmetric DL and UL transmission
As shown in Fig.5, asymmetric DL and UL transmission scheme for inter-cell deployment are as follows:
1) Outdoor macro site is the serving cell for UE, and transmits DL signal, such as SSB and CSI-RS to UE (R15 framework without additional spec impact).
2) Outdoor macro site transmits DL channel, such as PDCCH and PDSCH, which QCLed to SSB or CSI-RS from outdoor macro site (R15 framework without additional spec impact).
3) Indoor pico site transmits SSB, and the SSB can be configured through SSB-MTC-additionalPCI for measurement (Support in Rel-17 inter-cell beam management, which can be used in asymmetric DL and UL transmission).
4) Indoor pico site transmits DL RS, such as CSI-RS, and the CSI-RS is QCLed to SSB with additional PCI. UE transmits PUCCH and PUSCH to indoor pico site, and the PUCCH and PUSCH are QCLed to SSB or CSI-RS transmitted from indoor pico site (Support in Rel-17 inter-cell beam management, which can be used in asymmetric DL and UL transmission).
5) The PL-RS can be configured with SSB transmitted from indoor pico site, or the PL-RS can be configured with CSI-RS transmitted from indoor pico site, where the CSI-RS is QCLed to SSB with additional PCI (Support in Rel-17 inter-cell beam management, which can be used in asymmetric DL and UL transmission).
6) SRS for antenna switching is transmitted to outdoor macro site for DL CSI acquisition, and SRS for codebook/non-codebook/beam management is transmitted to indoor pico site for UL channel estimation and beam management (Spec impact).
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Fig.5 Asymmetric DL and UL transmission scheme for inter-cell deployment
The signaling design of ③④⑤ has been supported in unified TCI based inter-cell beam management in Rel-17. Firstly, CSI-RS can be QCLed to SSB with additional PCI. Secondly, PUCCH and PUSCH and SRS can be QCLed to SSB with additional PCI or QCLed to CSI-RS that QCLed to SSB with additional PCI. Thirdly, SSB with additional PCI and CSI-RS that QCLed with SSB with additional PCI can be configured as PL-RS. Hence, the inter-cell beam management can be supported in asymmetric DL and UL transmission to support indicating additional PCI associated with the TCI state and/or QCL-info, and indicating CSI-RS/SSB associated with additional PCI as the PL-RS.
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Fig.6 UE feature for unified TCI based inter-cell beam management in TS 38.822
Proposal 1: Support inter-cell beam management for asymmetric DL sTRP/UL mTRP in inter-cell deployment:
· Configuring SSBs of additional PCI and CSI-RS that is QCLed to SSB of additional PCI as PL RS.
· Configuring and indicating TCI states associated with additional PCI.

4. Two closed-loop PC adjustment states for SRS
Two closed-loop PC adjustment states for SRS has been discussed in RAN1#116 meeting with the following agreements [2]. 
	Agreement
To facilitate the asymmetric DL sTRP/UL mTRP deployment scenarios, support two closed-loop PC adjustment states for SRS in one CC, both of which are separate from that of the PUSCH.

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: 

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


DCI format 2_3 can be used to indicate TPC command for those two SRS CLPC adjustment states. Both type A and type B are supported in current DCI format 2_3. For type A, DCI format 2_3 field includes a TPC command for each serving cell from the set of serving cells provided by cc-IndexInOneCC-Set and can also include SRS request for SRS transmission on the set of serving cells, which is mainly used for SRS carrier switching by triggering SRS and indicating TPC command for each serving cell. For type B, DCI format 2_3 field includes a TPC command for a serving cell index, and one block or more blocks is configured for the UE by higher layers where each block applies to an UL carrier. Type B can be enhanced to indicate the TPC command for the serving cell with two separate power control adjustment states for SRS. Therefore, enhanced DCI format 2_3 of higher layer parameter srs-TPC-PDCCH-Group = typeB can be used to indicate TPC command for those two SRS CLPC adjustment states.
Proposal 2: Support to enhance the legacy DCI format 2_3 of higher layer parameter srs-TPC-PDCCH-Group = typeB to indicate TPC command for those two SRS CLPC adjustment states (Option 2).
In RAN1#116 meeting, three alternatives are discussed regarding how to indicate TPC command in DCI format 2_3. Alt1 is adding one additional TPC command for each CC configured with two SRS CLPC adjustment states, 2 bits are additionally added in DCI format 2_3. However, it may not need to indicate the TPC command for two SRS CLPC adjustment states simultaneously, which is a waste of two TPC command fields. This may result with that most of time one of the TPC command is indicated with value 0. Alt3 is using two different TPC-SRS-RNTIs for DCI format 2_3, which will increase the UE blind decoding complexity. We prefer Alt2 to introduce one 1-bit closed-loop-indicator field for each TPC command in DCI format 2_3, similar to DCI format 2_2 for PUCCH and PUSCH, where 1-bit closed-loop-indicator indicates the first SRS CLPC adjustment state or the second SRS CLPC adjustment state. Alt2 use 1 additional bit to reduce DCI overhead compared to Alt1 and use same RNTI to reduce UE complexity compared to Alt3. 
Proposal 3: Support to introduce one 1-bit closed-loop-indicator field for each TPC command in DCI format 2_3 to indicate TPC command for those two SRS CLPC adjustment states (Alt2).
In current specification, SRS CLPC adjustment states are configured in SRS resource set i.e., srs-PowerControlAdjustmentStates in SRS-ResourceSet can be set to 'sameAsFci2' or 'separateClosedLoop'. If this field is absent or release, the UE applies the value 'sameAs-Fci1'. When SRS close loop is tied with PUSCH, candidate values of 'i0' and 'i1' in closedLoopIndex-r17 in the TCI state for SRS refers to first and second close loop tied with PUSCH. Similarly, when the parameter srs-PowerControlAdjustmentStates is set to 'separateClosedLoop', candidate values of 'i0' and 'i1' in closedLoopIndex-r17 in the TCI state for SRS could indicate one of the SRS CLPC adjustment states, i.e. value 'i0' indicates the 1st SRS CLPC adjustment state and value 'i1' indicates the 2nd SRS CLPC adjustment state. On one hand, the candidate values of 'i0' and 'i1' could be dynamically updated together with the dynamic indication of TCI state compared to Alt1 that SRS CLPC adjustment state is associated with SRS resource set. On the other hand, there is no need to additionally introduce new parameter to indicate the CLPC adjustment state, which has less spec impact compared to Alt3 that add one extra parameter in P0AlphaSet-r17 of TCI state to indicate one of those two SRS CLPC adjustment states. As shown in Fig.7, when outdoor macro site is used for DL transmission, and indoor pico site is used for UL reception, SRS for codebook uses the same CLPC adjustment state as PUSCH, SRS for antenna switching uses the 1st CLPC adjustment state separate from PUSCH, and SRS for beam management uses the 2nd CLPC adjustment state separate from PUSCH. When UE is moving towards outdoor macro site, outdoor macro site may be used for both DL transmission and UL reception. Then, before SRS for codebook and PUSCH are switched to outdoor macro site, SRS for beam management could be firstly switched to outdoor macro site for beam measurement. This can be realized by dynamic TCI state update, where both CLPC adjustment state and QCL reference RS can be switched simultaneously. 
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Fig.7 Dynamic switching of CLPC adjustment state
Proposal 4: When the parameter srs-PowerControlAdjustmentStates is set to 'separateClosedLoop', closedLoopIndex-r17 in the TCI state indicates one of the SRS CLPC adjustment states (Alt2).

5. Conclusion
Based on the above discussions, the observations and proposals are as follows:
Observation 1: In HetNet deployment, severe interference from macro site to micro/pico site is observed due to larger than 10dB DL-Tx-power gaps.
Observation 2: 	Up to 33% data rate loss has been observed by indoor UEs due to severe interference from outdoor macro site to indoor pico site. 
Proposal 1: Support inter-cell beam management for asymmetric DL sTRP/UL mTRP in inter-cell deployment:
· Configuring SSBs of additional PCI and CSI-RS that is QCLed to SSB of additional PCI as PL RS.
· Configuring and indicating TCI states associated with additional PCI.
Proposal 2: Support to enhance the legacy DCI format 2_3 of higher layer parameter srs-TPC-PDCCH-Group = typeB to indicate TPC command for those two SRS CLPC adjustment states (Option 2).
Proposal 3: Support to introduce one 1-bit closed-loop-indicator field for each TPC command in DCI format 2_3 to indicate TPC command for those two SRS CLPC adjustment states (Alt2).
Proposal 4: When the parameter srs-PowerControlAdjustmentStates is set to 'separateClosedLoop', closedLoopIndex-r17 in the TCI state indicates one of the SRS CLPC adjustment states (Alt2).
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