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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In this contribution, we discuss NR MIMO enhancement on multi-TRP/panel transmission and multi-beam operation, as a supplement for the main papers [1] [2]. More details and all the other issues are discussed here.
Enhancement on Multi-TRP/Panel Transmission
Discussion on PDSCH
Rate matching enhancement for M-DCI
In Rel-15, DCI format 2_1 is used to indicate the pre-emption used by URLLC UEs for the eMBB UEs. If an eMBB UE detects a DCI format 2_1, it may assume that there is no PDSCH transmission in the physical resource indicated by that DCI. For the scenario of multi-TRP transmission as shown in Figure 1, an eMBB UE is served by both TRP1 and TRP2. If there is another URLLC UE served by TRP2 in the resource containing both PDSCH from TRP 1 and TRP 2, the PDSCH from TRP2 can be pre-empted by PI and would only impact the PDSCH demodulation from TRP 2. 
Since URLLC may be scheduled urgently at each TRP assuming that URLLC/eMBB may share the same system bandwidth, and non-ideal backhaul on the other hand limits the possibility of coordination of URLLC services among TRPs, the eMBB UE may need PI per TRP to protect their PDSCH. Therefore, eMBB UE may assume no PDSCH transmission to the UE within pre-empted resource indicated by a PI, only if both PDCCH (scheduling PDSCH) and DCI format 2_1 for PI are transmitted from the same TRP. Considering that HigherLayerIndexPerCORESET has been agreed to represent the concept of TRP [1], that is to say, the PI is valid for a PDSCH if the PDCCH scheduling PDSCH and the PI are associated with same HigherLayerIndexPerCORESET.
 
[bookmark: _Ref973365]Figure 1. Enhancement of PI fields for multi-TRP transmission
Thus, we have the following proposal:
Proposal 1: The PI for indicating a PDSCH pre-emption should be with the same HigherLayerIndexPerCORESET with the PDSCH.
Combined PDSCH schemes
For single-DCI based reliability and robustness enhancement with Multi-TRP/Panel transmission, based on scheme 1a/2a/2b/3/4, the following combinations can be considered:
· SDM+TDM: combined schemes 1a and 3/4
· FDM+TDM: combined schemes 2a/2b and 3/4
Basically, the TDM scheme can be combined with any other schemes. However, the drawback of TDM scheme is the latency and inefficient resource utilization. It can be balanced by the combined schemes of SDM+TDM and FDM+TDM. The TDM schemes of 3 and 4 provides two options to combine with scheme 1a, which probably is dependent on latency requirements. With the combined schemes, the reliability requirement can be reached due to more PDSCH transmission occasions with the given time interval or given resources. Thus, we have the following proposal:  
Proposal 2: At least support combined schemes of SDM+TDM and FDM+TDM scheduled by single PDCCH.
In addition, for combined scheme SDM+TDM and FDM+TDM, the TCI state mapping is another issue. It is straightforward to map TCI states with the transmission occasions in some certain order, such as sequentially mapping in the order of spatial/frequency domain and time domain. For example, one code point in TCI state table can indicate up to 2 TCI states, which represent the TCI states in one transmission time period. By doing this, TCI state can be mapped with the transmission occasions with the certain pattern. As is shown in the figure below, if the TCI states indicated in one code point is TCI state {#0, #2}, the TCI state pattern for combined schemes can be {#0, #2, #0, #2} if time domain repetition number is 2 and {#0, #2, #0, #2, #0, #2, #0, #2} if time domain repetition number is 4.  
[image: MTRP_TCI2]
Figure 2. TCI state mapping with the transmission occasions for combined schemes. 
Proposal 3: Support TCI state mapping with the order of spatial/ frequency domain and time domain for combined schemes of SDM+TDM and FDM+TDM scheduled by single PDCCH.
Discussion on PUSCH
In Rel-15, PUSCH repetition based on slot aggregation has already been supported, where the same time and frequency resource allocation indicated in DCI is used in consecutive slots. Besides, the same precoder is applied across the repetitions. To further improve the reliability/robustness of PUSCH repetition, multiple precoders could be supported for both codebook based and non-codebook based PUSCH slot aggregation as shown in Figure 3 in order to support PUSCH repetition for multi-TRP. 
Besides, another solution can also be considered, as the UE can utilized multi-panel capability, with which different precoders used to different TRPs are sent using different panels, and different precoders are calculated independently with different TRPs.   
[image: ]
[bookmark: _Ref533693218]Figure 3: Precoder cycling based PUSCH slot aggregation
Proposal 4: Supports PUSCH repetition over multiple TRPs/panels/beams using multiple precoders.
Enhancement on Multi-beam Operation to Reduce Overhead
Rel-15 BM introduces severe system overhead due to the transmissions of beam-sweeping reference signals and information, including SSB, CSI-RS for BM, TRS, RMSI, OSI, etc. Furthermore, the restrictions on the scheduling due to FR2 simultaneous reception capability is very strict that those beam-sweeping RS may occupy the whole OFDM symbols and the beam-sweeping behaviour prevents the scheduling opportunity on those symbols. It is a huge overhead considering the large bandwidth in FR2. In this section, we discuss the possible solutions to reduce the overhead in FR2.
As one specific example, according TS 38.133, the UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI on RS for L1-RSRP measurement symbols to be measured for L1-RSRP measurement. That is to say, even PDSCH can be configured to be TypeD QCLed with an SSB, it is not expected from UE side to receive this PDSCH. Therefore, assuming all 64 SSBs are configured to all UEs in the cell as BM resources, in Table 1, the overhead from scheduling restriction around SSBs, i.e., the ratio of the number of symbols occupied by 64 SSBs to the total number of OFDM symbols within one SSB period, is quite high as provided. As can be seen, the overhead is considerably large (> 10%) even with the typical configuration of 10 or 20ms SSB periodicity. It is true that the overhead can be reduced with a larger SSB periodicity, but the latency of initial access will be increased proportionally and hence is not a preferred solution. 
[bookmark: _Ref100721]Table 1. Overhead from scheduling restriction around SSB (120kHz SCS for PDSCH and SSB)
	SSB periodicity (ms)
	# of available DL symbols (DL:UL = 4:1)
	# of symbols for 64 SSBs
	Overhead

	10
	1120 * 0.8
	256
	28.57%

	20
	2240 * 0.8
	256
	14.29%


If PDSCH and SSB are configured as quasi co-located, a possible overhead reduction can be achieved by relaxing the scheduling constraints in certain scenarios, for example, in certain SSB transmission duration when UE does not perform any RX beam sweeping, as shown in the figure below. One specific example can be relaxing the scheduling constraints for some of the SSBs used to do L1-RSRP measurement. There are two different types of measurement behaviours for SSB based L1-RSRP measurement. One is that if ReportQuantity is configured as “none”, UE could sweep its Rx beam during the SSB to find a best Rx beam, and in this case, no PDSCH is allowed to be transmitted on those symbols carrying SSBs. The other is that when ReportQuantity is configured as “ssb-Index-RSRP”, UE should fix its Rx beam during one SSB L1-RSRP measurement to have an accurate L1-RSRP calculation (possibly combining/averaging the measurement results on SSS and PBCH DMRS and hence no Rx beam sweeping), and in this case, PDSCH can be FDMed with SSBs and UE can use the same Rx beam to receive both of them. With such a distinction and conditional behaviour, the overhead from scheduling restriction of beam-swept SSB transmission can be alleviated and gNB is also provided with more control of UE Rx beam sweeping behaviour.
[bookmark: _GoBack][image: ]
Figure 4. Two different UE receiving behavior for SSB reception (with/without UE Rx beam sweeping)
Proposal 5: For overhead reduction, If PDSCH and SSB are quasi co-located, support no scheduling restriction on multiplexing of SSBs for L1-RSRP reporting and UE-specific PDSCH when the ReportQuantity is configured as “ssb-Index-RSRP” in Rel-16.
NR Sub-3GHz FDD MIMO Further Enhancement
NR supports abundant sub-3GHz spectrum for FDD, which includes 14 NR operating bands and spreads over 700MHz, 800MHz, 900MHz, 1.8GHz, 2.1GHz and 2.6GHz. Typically, almost all the operators in the world own multiple sub-3GHz bands for cellular deployment. Especially for 1.8GHz and 2.1GHz, hundreds of operators have deployed FDD network in these two bands. Re-farming these sub-3GHz bands to NR would improve the coverage of NR, the spectrum efficiency of sub-3GHz, the NR RTT latency, and the network energy efficiency, which can enrich the commercial value of sub-3GHz.  In order to maximize the commercial value of sub-3GHz and remove the obstacles of re-farming, further enhancements on sub-3GHz FDD are needed in Rel-17. Therefore, a perfect solution with further higher performance for FDD, lower feedback overhead and much lower complexity at UE side will be a promising direction to offer a super performance-cost trade-off for Sub-3GHz FDD. Historically, channel reciprocity modelling of FDD ever was studied in 3GPP and some solutions on CSI by utilizing channel partial reciprocity for FDD to design CSI scheme, e.g. type II port selection codebook, have been discussed and specified, but only reciprocity of angle in FDD channel model was utilized. Actually, based on the real channel measurement in sub-3GHz performed by academic and industry, there is still some additional channel property or channel coefficients that can be reciprocal or partial reciprocal between DL and UL channel for FDD. Therefore, some potential solution can be studied and specified by utilizing such additional partial reciprocity to realize the goal, e.g. enhanced port selection codebook based on angle and delay reciprocity of FDD channel.
Proposal 6: In order to facilitate sub-3GHz refarming, FDD MIMO should be enhanced in Rel-17, e.g., CSI acquisition based on FDD channel angle and delay reciprocity.

Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]The contribution discusses enhancement on MIMO for R16, based on which the following proposals are made.
For enhancement on multi-TRP/panel transmission
Proposal 1: The PI for indicating a PDSCH pre-emption should be with the same HigherLayerIndexPerCORESET with the PDSCH.
Proposal 2: At least support combined schemes of SDM+TDM and FDM+TDM scheduled by single PDCCH.
Proposal 3: Support TCI state mapping with the order of spatial/ frequency domain and time domain for combined schemes of SDM+TDM and FDM+TDM scheduled by single PDCCH.
Proposal 4: Supports PUSCH repetition over multiple TRPs/panels/beams using multiple precoders.
For enhancement on multi-beam operation
Proposal 5: For overhead reduction, If PDSCH and SSB are quasi co-located, support no scheduling restriction on multiplexing of SSBs for L1-RSRP reporting and UE-specific PDSCH when the ReportQuantity is configured as “ssb-Index-RSRP” in Rel-16.
For NR sub-3GHz FDD MIMO further enhancement
Proposal 6: In order to facilitate sub-3GHz refarming, FDD MIMO should be enhanced in Rel-17, e.g., CSI acquisition based on FDD channel angle and delay reciprocity.
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