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Introduction
In the previous RAN1 #96bis meeting, multi-TRP/panel transmission for NR was discussed and several agreements targeting eMBB were made as follows:
	
Agreement
At least for eMBB with multi-DCI based multi-TRP/panel transmission, different PDSCH scrambling sequences can be supported for PDSCHs, and selection one from the following alternatives in RAN1#97: 
· Alt 1: enhance c_init, FFS detailed design in RAN1 97
· Alt 2: enhance RRC configurations to support multiple dataScramblingIdentityPDSCH

Agreement
For PDCCH monitoring and blind decoding for multi-DCI based multi-TRP/panel transmission,  
· Increase the maximal number of CORESETs per “PDCCH-config” up to N=[4, 5, or 6] subject to UE capability
· Increase the maximal number of BD/CCE per slot per serving cell, subject to UE capability

Agreement
For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used 
· Support TDMed PUCCH transmission within a slot to convey, at least separate ACK/NACK only feedback, with separated HARQ-ACK codebook for two TRPs
· FFS: Details on how this feature is supported in the specifications (for examples, introduction of restrictions and/or further enhancements)
Above applies at least for FR1 

Agreement 
Take into account following principles for single-PDCCH multi-TRP DMRS port indication:  
· Whether/how MU pairing cases between, e.g. UE1 from TRP1 and TRP 2 and UE 2 from TRP 1 and TRP 2, or UE1 from TRP1 and TRP 2 and UE 2 from TRP 1, is needed 
· Whether/how DMRS port indication using DMRS type 1 with 1 or 2 frontloaded symbols, and DMRS type 2 with 1 or 2 frontloaded symbols need to be enhanced




In this contribution, we share our views on remaining issues on partially/fully overlapped resource allocation.
Discussion
In case of partially overlapped resource allocation, UE experiences the high level of interference fluctuation. Specifically, in Figure 1, PDSCH 1 suffers different level of interference in RB group A and RB group B. In RBG A, PDSCH 1 suffers SU-MIMO inter-layer interference from PDSCH 2 which is strong but, in RBG B, PDSCH 1 suffers conventional inter-cell interference which causes random interference beam to UE 1. Considering this interference fluctuation between RBG A and B,  data RE mapping of PDSCH 1 can be determined to improve retransmission efficiency. In case of CBG level ACK/NACK, it is better for each CB to be localized in either RBG A or B so that different CB suffers different level of interference. In this way, TRP can only transmit NACK CB experiencing high interference probably in RBG A. On the other hand, in case of TB level ACK/NACK, it is desirable for each CB to be distributed in RBG A and B so that overall ACK probability increases. When backhaul delay is low, a TRP can share another TRP’s resource allocation and determine coded bits are distributed to RBG A and B or localized in either RBG A or B.
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Figure 1. An example of partially overlapped resource allocation
Proposal 1: In case of partial overlapped resource allocation, the following PDSCH RE mapping can be considered: for CBG level ACK/NACK, each CB is localized in either overlapped RB group or non-overlapped RB group and for TB level ACK/NACK, each CB is distributed in overlapped RB group and non-overlapped RB group.
Also, we need to look at the impact of different PRB bundling size of 2 TRPs. Figure 2 shows an example of PRG=4 for TRP 1 and PRG=2 for TPR 2. In Figure 2, when decoding PDSCH 1 allocated in one PRG (i.e., 4RBs), UE needs to calculate two different interference covariance matrixes to determine MMSE Rx filter; one for RB 1 and 2 and another for RB 3 and 4 since precoder of PDSCH 2 for RB 1 and 2 is different from precoder of PDSCH 2 for RB 3 and 4. If UE calculates single interference covariance matrix for the PRG in this case, inter-layer interference is not mitigated enough since Rx filter is not optimized. 
As described in Figure 2, it increases UE complexity to calculate multiple interference covariance matrixes in each PRG when PRG is small such as 2 or 4. Meanwhile, when PRG is WB, UE may need multiple interference covariance matrixes even in a PRG for IRC performance. In order for UE to calculate single interference covariance matrix in each PRG when PRG=2 or 4, precoding of PDSCH 2 should be the same in each PRG of PDSCH 1. To ensure this condition, the following alternatives can be considered.
· Alt 1: when PRG of a PDSCH is 2 or 4, the precoding of another fully/partially overlapped PDSCH should be the same in each PRG.
· Alt 2: when PRG of a PDSCH is 2 or 4, PRG of another fully/partially overlapped PDSCH should be the same. 
The different between Alt 1 and Alt 2 is scheduling flexibility. In Alt 1, available combinations of  PRGs of two PDSCH are (2,2), (2,WB), (4,4), (4,WB) and (WB,WB) but, in Alt 2, (2,2), (4,4) and (WB,WB) are possible. Also, in Alt 1, dynamic switching of PRG value is possible in non-ideal backhaul scenario. For example, when TRP 1 dynamically configures PRG={4, WB}, TRP 2 can dynamically configure PRG={4, WB}. On the other hand, dynamic switching of PRG value is not possible for Alt 2 in non-ideal backhaul scenario. Therefore, our preference is Alt 1. 
According to current specification, code point 0 of 1 bit PRB bundling size indicator in DCI can be semi-static configured by 4 or WB and code point 1 can be semi-static configured by 4, WB, 2/WB or 4/WB. Therefore, 1 bit PRB bundling size indicator can select one of (4, WB), (4, 2/WB), (4, 4/WB), (WB, 4), or (WB, 2/WB). If the network does not semi-statically configure 4 for code point 0 and 2/WB for code point 1, Alt 1 is satisfied.
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Figure 2. An example of NCJT with different PRG between 2 TRPs
Even if either Alt 1 or Alt 2 is satisfied, UE still needs to calculate multiple covariance matrixes in case of resource allocation type 1, as described in Figure 3. In Figure 3, even though precoder of PDSCH 2 is the same for RB 2, 3 and 4, PDSCH 2 is not transmitted for RB 1. As a result, when decoding PDSCH 1 allocated in one PRG (i.e., 4RBs), UE needs to calculate two different interference covariance matrixes to determine MMSE Rx filter. Therefore, In order for UE to calculate single interference covariance matrix in each PRG when PRG=2 or 4, one more condition should be satisfied on top of either Alt 1 or Alt 2. The condition is that when PRG of a PDSCH is 2 or 4, allocated resource of the full/partially overlapped PDSCH should be either fully overlapped or non-overlapped in each PRG. Note that in case of type 0 resource allocation, RBG is always equal or greater than PRG if PRG=2 or 4, so this issue is not found.
[image: ]
Figure3. An example of NCJT with the same PRG in type 1 resource allocation
Proposal 2: In case of partially/fully overlapped resource allocation, when PRG of a PDSCH is 2 or 4, the precoding of another fully/partially overlapped PDSCH should be the same in each PRG and allocated resource of the overlapped PDSCH should be either fully overlapped or non-overlapped in each PRG.
Regarding resource allocation type for two TRP, type A+A should be supported. Considering that type B is introduced mainly for URLLC, benefits are not clear to support type B+B for eMBB NCJT transmission. Also, we don’t see the need to support type A+B since A+A is the superset of A+B due to the agreement that DMRS symbol location should be the same between two TRPs. Specifically, in case of A+B, possible front loaded DMRS symbol for type A is {2, 3} so the start symbol of type B PDSCH is limited from {0,1,2,…,12} to {2, 3}. Also, type A supports more flexible symbol duration than type B. In other words, time domain resource allocation flexibility of type B is limited due to restriction of the same DMRS location. Therefore, A+A allows more flexible time domain resource allocation than A+B.
Proposal 3: Support resource allocation type A + type A for NCJT transmission.
Next issue is PDSCH rate matching for another TRP’s CORESET, RS, preemption, and SSB. In case of semi-static RateMatchPattern, it can be shared between TRP through non-ideal backhaul so that one TRP can conduct PDSCH rate matching for another TRP’s semi-static RateMatchPattern. For the same reason, one TRP can conduct PDSCH rate matching for another TRP’s P/SP NZP/ZP CSI-RS, CRS, SSB. Rel-15 specification can support PDSCH rate matching for another TRP’s semi-static RateMatchPattern, P/SP NZP/ZP CSI-RS and SSB, but UE needs to conduct rate matching for CRS pattern for both TRPs. On the other hand, the TRP is unlikely to perform PDSCH rate matching for dynamic RateMatchPattern, AP ZP CSI-RS and preemption which may not be shared through non-ideal backhaul. 
Proposal 4: PDSCH rate matching for another TRP’s semi-static RateMatchPattern, P/SP NZP/ZP CSI-RS, CRS and SSB can be considered.
Conclusion
In this contribution, we discuss remaining issues on partially/fully overlapped resource allocation and propose the following based on the discussion.
Proposal 1: In case of partial overlapped resource allocation, the following PDSCH RE mapping can be considered: for CBG level ACK/NACK, each CB is localized in either overlapped RB group or non-overlapped RB group and for TB level ACK/NACK, each CB is distributed in overlapped RB group and non-overlapped RB group.
Proposal 2: In case of partially/fully overlapped resource allocation, when PRG of a PDSCH is 2 or 4, the precoding of another fully/partially overlapped PDSCH should be the same in each PRG and allocated resource of the overlapped PDSCH should be either fully overlapped or non-overlapped in each PRG.
Proposal 3: Support resource allocation type A + type A for NCJT transmission.
Proposal 4: PDSCH rate matching for another TRP’s semi-static RateMatchPattern, P/SP NZP/ZP CSI-RS, CRS and SSB can be considered.
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