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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 both inter-cell and intra-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 15dB 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. Asymmetric DL and UL transmission scheme for inter-cell deployment
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, 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, which can be used in asymmetric DL and UL transmission without additional spec impact).
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, 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, 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 ④ has been supported in M-DCI based M-TRP inter-cell operation in Rel-17, where CSI-RS can be QCLed to SSB with additional PCI, PUCCH and PUSCH can be QCLed to SSB with additional PCI or QCLed to CSI-RS that QCLed to SSB with additional PCI. However, in current specification, as shown in Fig.6, UE indicating support of RRC configuration of additional PCI different from serving cell associated with the TCI state and/or QCL-info, shall also indicate the support of M-DCI based M-TRP. In our network, M-TRP has not been deployed due to most of commercial terminals cannot support M-TRP. UE support of M-DCI based M-TRP shall also support DL reception from both TRPs and other related features. While UE support of asymmetric DL and UL transmission only needs to receive DL channel from one TRP and transmits UL channel to another TRP based on the TCI state and PL-RS indication, which has smaller UE complexity compared to support of M-DCI based M-TRP. UE support of M-DCI based M-TRP cannot be used as a prerequisite UE feature for asymmetric DL and UL transmission. 
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Fig.6 UE capability for M-TRP inter-cell operation in TS 38.306
The signaling design of ④ has been also supported in unified TCI based inter-cell beam management in Rel-17, where CSI-RS can be QCLed to SSB with additional PCI, PUCCH and PUSCH can be QCLed to SSB with additional PCI or QCLed to CSI-RS that QCLed to SSB with additional PCI. The inter-cell beam management can be also supported in asymmetric DL and UL transmission to support indicating additional PCI different from serving cell associated with the TCI state and/or QCL-info.
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Fig.7 UE feature for unified TCI based inter-cell beam management in TS 38.822
Proposal 1: SSB with additional PCI and CSI-RS that QCLed with SSB with additional PCI can be configured as PL-RS for asymmetric DL and UL transmission scheme for inter-cell deployment to obtain accurate pathloss. 
Proposal 2: Support indicating additional PCI different from serving cell associated with the TCI state and/or QCL-info for asymmetric DL and UL transmission scheme for inter-cell deployment. 
When outdoor macro site is used for DL transmission, and indoor pico site is used for UL reception, 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. Two closed-loop PC adjustment states for SRS, both separate from PUSCH, can be used for different SRS usage. Based on unified TCI state, two closed-loop PC adjustment states can be configured through TCI state. Additionally, two TPC command should be separately indicated to UE. One solution is to use DCI format 2_2, which already has the closed loop indicator field for TPC command. The enhancement is to introduce TPC-SRS-RNTI, when DCI format 2_2 is CRC scrambled by TPC-SRS-RNTI, it is used for indicating TPC command for SRS. Another solution is to use DCI format 2_3. The enhancement is to add closed loop indicator field for each TPC command. To consider the spec impact, enhancement on DCI format 2_3 is preferred.
Proposal 3: New closed loop indicator field is needed for each TPC command in DCI format 2_3 to indicate TPC command for two closed-loop PC adjustment states for SRS.
4. Asymmetric DL and UL transmission scheme for intra-cell deployment
In intra-cell deployment, as shown in Fig.8, indoor pico site and outdoor macro site are deployed at same frequency with same cell ID (Inra-cell). Both indoor pico site and outdoor macro site transmit SSBs with same cell ID. In this case, when asymmetric DL and UL transmission scheme is used, outdoor macro site transmits DL signal, such as SSB and CSI-RS to UE, and transmits DL channel, such as PDCCH and PDSCH, which QCLed to SSB or CSI-RS from outdoor macro site. Indoor pico site transmits SSB and CSI-RS, and the SSB is same as outdoor macro site. UE transmits PUCCH and PUSCH to indoor pico site, and the PUCCH and PUSCH can be QCLed to SSB or CSI-RS transmitted from indoor pico site. The PL-RS can be configured with SSB or CSI-RS transmitted from indoor pico site. All the above procedures can be supported by gNB implementation without spec impact. 
Additionally, same as inter-cell operation, 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, where new closed loop indicator field is needed for each TPC command in DCI format 2_3 to indicate TPC command for two closed-loop PC adjustment states for SRS.
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Fig.8 Intra-cell deployment with asymmetric DL and UL transmission
Proposal 4: Asymmetric DL and UL transmission scheme for intra-cell deployment can be supported by gNB implementation except the enhancement on two closed-loop PC adjustment states for SRS, both separate from PUSCH.
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 15dB 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: SSB with additional PCI and CSI-RS that QCLed with SSB with additional PCI can be configured as PL-RS for asymmetric DL and UL transmission scheme for inter-cell deployment to obtain accurate pathloss. 
Proposal 2: Support indicating additional PCI different from serving cell associated with the TCI state and/or QCL-info for asymmetric DL and UL transmission scheme for inter-cell deployment. 
Proposal 3: Adding closed loop indicator field for each TPC command in DCI format 2_3 to indicate TPC command for two closed-loop PC adjustment states for SRS.
Proposal 4: Asymmetric DL and UL transmission scheme for intra-cell deployment can be supported by gNB implementation except the enhancement on two closed-loop PC adjustment states for SRS, both separate from PUSCH.
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