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Introduction
As of now, NR does not require or allow UE to transmit more than 1 PUCCH and/or PUSCH simultaneously in frequency domain multiplexing (FDM) way in the same CC. In Rel-18, as part of the approved WID in RP-213598, [1], the following objective is consider to allow simultaneous PUCCH/PUSCH transmission.
	6. Study, and if needed, specify the following items to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, focusing on FR2 and multi-TRP, assuming up to 2 TRPs and up to 2 panels, targeting CPE/FWA/vehicle/industrial devices (if applicable)
· UL precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
· The total number of layers is up to four across all panels and total number of codewords is up to two across all panels, considering single DCI and multi-DCI based multi-TRP operation.
· UL beam indication for PUCCH/PUSCH, where unified TCI framework extension in objective 2 is assumed, considering single DCI and multi-DCI based multi-TRP operation
· For the case of multi-DCI based multi-TRP operation, only PUSCH+PUSCH, or PUCCH+PUCCH is transmitted across two panels in a same CC.



When UE is allowed to transmit PUSCH + PUSCH, or PUCCH-PUCCH simultaneously cross two panels in the same CC, In contribution, current UCI multiplexing procedure needs to be revisited since it does not allow simultaneous PUSCH + PUSCH, or PUCCH-PUCCH when UCI multiplexing is required. In this contribution, we provide our views on UE procedure for reporting UCI with Multi-Panel Simultaneous Transmission (MPSTx).
Furthermore, we also provide our view on the following two topics for further MIMO enhancement 
· Link adaptation enhancement for Multicast and Broadcast Services (MBS)
· Early CSI reporting during RACH procedure
UE procedure for reporting UCI with MPSTx 
In current NR, simultaneous transmission of PUCCH and PUSCH, or PUCCH and PUCCH, within a PUCCH cell group is not supported. If PUCCH and PUSCH overlap, based on some procedure, PUCCH may be multiplexed on PUSCH, or PUCCH may be dropped, or PUSCH may be dropped. Similarly, if two PUCCHs overlap, only one PUCCH may survive and the content of the dropped PUCCH may or may not be multiplexed to the result PUCCH. The following are some instances of the current specification, where simultaneous transmission of PUCCH and PUSCH, or PUCCH and PUCCH, is not allowed:
· From 38.213, Clause 9: if a UE would transmit on a serving cell a PUSCH without UL-SCH that overlaps with a PUCCH transmission on a serving cell that includes positive SR information, the UE does not transmit the PUSCH. 
· From 38.213, Clause 9.2.6: if PUCCH with repetition overlaps with a PUSCH, the PUSCH is dropped
· From 38.213, Clause 9: If a UE would multiplex UCI in a PUCCH transmission that overlaps with a PUSCH transmission, the UE multiplexes only HARQ-ACK information, if any, from the UCI in the PUSCH transmission and does not transmit the PUCCH if the UE multiplexes aperiodic or semi-persistent CSI reports in the PUSCH.
· From 38.213, Clause 9.2.6: If a UE would transmit a PUCCH over a first number  of slots and the UE would transmit a PUSCH with repetition Type A or with TB processing over multiple slots over a second number of slots, and the PUCCH transmission would overlap with the PUSCH transmission in one or more slots, and the conditions in clause 9.2.5 for multiplexing the UCI in the PUSCH are satisfied in the overlapping slots, the UE transmits the PUCCH and does not transmit the PUSCH in the overlapping slots.
In this section, we present our views on solutions for UCI reporting if UE is capable with multi-panel simultaneous transmissions. To begin the discussion, consider an example illustrated in Figure 1. Here UE is indicated to transmit a PUCCH, say without repetition, on the 1st UL beam. Later on, UE will be indicated by m-DCI to transmit simultaneously two PUSCHs, each associated with one UL beam/panel. Further assume that PUCCH is overlapping with both PUSCHs.  
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Figure 1 Reporting UCI with MPSTx
In our view, an extension of the existing specification should be the starting point. That is, UE applies the existing procedure to resolve overlapping resources “per panel”. More precisely, at any given time (sub)slot, the association of each UL resource (PUCCH, PUSCH) to each UL beam is determined (in case of no explicit indication by gNB, a default association is assumed by UE, e.g., mapped to the 1st panel).  Next, for each panel, the overlapping resources are resolved based on current specifications. Based on what we discussed, for the above example, PUCCH is multiplexed on PUSCH1. Finally, UE may end up with two simultaneous UL transmissions each associated with one of the beams/panels. Such final MPSTx, may or may not be doable subject to UE capability. For example, if UE determines that PUCCH is scheduled to be transmitted from 1st panel, and a PUSCH by the 2nd beam, and the two transmissions have different time durations, UE may indicate such simultaneous multi-panel transmission is out of capability. RAN1 can further discuss UE behavior when some simultaneous transmissions is not supported by UE. Some options could be dropping PUCCH, or PUSCH, or multiplexing cross the panels PUCCH over PUSCH.
Proposal 2.1, UE applies the existing procedure to resolve overlapping resources per panel
· Uplink PUCCH and/or PUSCH resources associated to different panels are assumed non-overlapping in time 
· If no panel association indication is provided for an uplink transmission, it is associated with 1st panel/beam

Proposal 2.2, RAN1 should discuss solutions for UCI reporting when UE indicates under some conditions, simultaneous transmission of PUCCH+PUSCH, or PUSCH+PUSCH (when at least one PUSCH contains UCI), or PUCCH+PUCCH, is out of UE’s MPSTx capability.
Link adaptation enhancement for MBS
In the current NR specification, extensive support and enhancement has been done to support advanced link adaptation for unicast communication. From the CSI report perspective, we support periodic, semi-persistent and aperiodic CSI report in terms of CSI report time domain behavior. We also support both the link adaptation based CSI report and beam management based CSI report for both digital and analog based beamforming/precoding system. Furthermore, in addition to Channel Measurement Resource (CMR), we support both Zero Power (ZP) and NZP Interference Measurement Resource (IMR). From the HARQ-ACK feedback perspective, we support three different types of HARQ-ACK codebook including (1) Type-1 HARQ-ACK codebook for semi-static codebook (2) Type-2 HARQ-ACK codebook for dynamic codebook and (3) Type-3 HARQ-ACK codebook for pulling based codebook. For the CQI reporting perspective, we support both the regular CQI table targeting BLER of 10% and the CQI table optimized for URLLC traffic targeting BLER of 0.001%.
However, for Multicast and Broadcast Services (MBS), due to the nature that this type of service involves more than 1 UE, link adaption enhancement has not been adequately discussed and considered in NR. On the other side, it is understandable that link adaptation enhancement can also benefit MBS in terms of improving the communication efficiency and reliability. In this section, we discuss the potential link adaptation enhancement that can be considered for MBS
First the foremost, we should consider CQI report optimization for MBS including two different areas. The first area is the enhancement of CQI table. Note that, NR already has 3 existing CQI tables in 38.214 which is optimized for unicast communication. For MBS, since multiple UEs are involved in the communication, the benefit of maintaining a finely design CQI table is not well justified since the channel quality is determined by multiple pairs of communication links for MBS. Therefore, we can consider to reduce the CQI table size or increase the CQI quantization step size, in order to reduce the CSI report overhead without sacrificing performance for MBS. The second area is the enhancement of CQI reporting procedure. Unlike unicast communication, MBS mostly uses reliable MCS and 1-layer transmission. In the current specification, CQI report is based on CSI-RS since CSI-RS can carry more than 1 port, while, SSB can carry only 1 port. For MBS, the benefit of CQI report based on CSI-RS is not as strong as unicast. Therefore, we can consider allowing CQI report based on SSB which, not only can reduce the reference signal overhead in the system, but also can allow other enhancement such as early CQI report before or during RRC connection set up, etc. In summary, we have the following proposal 

Proposal 3.1, NR to consider to CQI enhancement for MBS including
· Reducing CQI report overhead, i.e., bitwidth 
· Allowing CQI report based on SSB measurement 

Secondly, we should consider beam management enhancement for MBS including multiple areas. One area is to improve Beam Failure Recovery (BFR) procedure for MBS. In the current specification, BFR is designed for unicast communication, in which a set of Beam Failure Detection (BFD) resources are configured for a UE. The UE detects the beam failure based on estimate of hypothetical PDCCH BLER from the BFD resources. However, for MBS, multiple UEs are involved in the communication with the gNB. The beam or link quality is not determined by a single link between gNB and a single UE, in fact, it is determined by multiple links between the gNB and multiple UEs. If gNB declares beam failure based on a single link between the gNB and one of the MBS UEs, the MBS service can be very unreliable since blockage of a single UE can result in interruption of MBS communication to the rest of UEs. Therefore, we should consider BFR procedure enhancement for MBS. 

The second area for beam management enhancement for MBS is to consider beam management enhancement to support simultaneous Multicast and Unicast service. Figure below illustrates the beam management challenges for simultaneous Multicast and Unicast service. As illustrated, UE may receive Multicast and Unicast PDSCH concurrently at the same time, and these PDSCHs can have different (or the same) DL Tx beams. 
· From BS perspective, its multicast (DL Tx) beam is to balance the performance of several multicast users, while its unicast (DL Tx) beam can steer on a specific UE. 
· From UE perspective, especially for FR2, it must use one single Rx analog beam to receive both multicast and unicast payload due to typical hardware limitation.
Based on the discussion, when Multicast and Unicast PDSCH are transmitted to the UE simultaneously, both MBS and Unicast performance will be impacted by how well the system can match different Tx beams, e.g., one for Unicast service and the other one for Multicast service, to the same UE Rx beam. To solve this issue, we can consider the enhancement in multiple directions including (1) UE Rx beam adaptation (2) UE beam measurement reporting enhancement (3) NW beam selection/prioritization
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Figure 2 beam management enhancement for simultaneous Multicast and Unicast service
Furthermore, Figure below illustrates another issue arise from the simultaneous Multicast and Unicast service which requires advanced interference management. In this example, Multicast transmission (for MBS UEs) can cause interference over Unicast UEs on the same time/freq RBs (occupied by Multicast). If Multicast DL Tx beams are properly selected, such interference over Unicast UEs can be mitigated, so that Unicast UEs can leverage the same RBs to improve the resource utilization efficiency. To achieve this, we need to rely on interference measurement/reporting from Unicast UEs. As results, interference management enhancement can be considered to allow simultaneous Multicast and Unicast service while minimizing the interference between the Multicast beam and Unicast beam. 
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Figure 3 interference management enhancement for simultaneous Multicast and Unicast service
Proposal 3.2, NR to consider to beam management enhancement for MBS including
· Beam Failure Recovery procedure enhancement 
· Beam management enhancement for simultaneous Multicast and Unicast service including interference management enhancement

Thirdly, retransmission strategy enhancement should also be considered for MBS. In the current NR specification, we do allow gNB to schedule an Unicast PDSCH as retransmission of a previously transmission MBS PDSCH. However, this still cannot fully address the issue of MBS retransmission. Imagine a system in which multiple, e.g., 10, UEs are participating in the same MBS service with the gNB. It is very likely that more than 1 UE may require retransmission since different UE experiences different channel condition. It will be very inefficient if we either (1) schedule MBS retransmission to all UEs even though some UEs may already successfully decode the PDSCH, or,  (2) independently schedule multiple unicast PDSCH to each MBS UE that requires retransmission. Therefore, retransmission strategy enhancement is needed for MBS with the goal to reduce the retransmission overhead and improve diversity during retransmission 

Proposal 3.3, NR to consider to retransmission strategy enhancement for MBS with the goal to reduce the retransmission overhead and improve diversity during retransmission 

Last but not the least, we should also consider MIMO layer adaptation enhancement for MBS. In previous discussion, we assume that gNB typically uses rank 1 PDSCH for MBS service for its robustness. On the other side, with the advancement of technology, more and more commercial devices are capable of higher rank PDSCH communication. For example, in NR, UE is mandated to support maximum 4 PDSCH layers for NR bands above 2.5GHz in FR1 and maximum 2 PDSCH layers for the other cases. PDSCH transmission with higher number of layers can utilize the spectrum more efficiently and reduce the communication latency as well as improve the communication reliability. Therefore, we should consider MIMO layer adaptation enhancement for MBS by allowing NW to select the maximum number of layers that can be served among all MBS UEs. The potential enhancement includes (1) enhancement on UE capability reporting (2) enhancement on UE RI/PMI/CQI reporting

Proposal 3.4, NR to consider MIMO layer adaptation enhancement for MBS by allowing NW to select the maximum number of layers that can be served among all MBS UEs
Early CSI reporting during RACH procedure
In the current specification, during 4-step RACH procedure, in the second step, gNB sent MSG2 or RAR message to the UE in response to the detection of PRACH (MSG1) transmitted by the UE for further contention resolution. In MAC specification, i.e., TS38.321, below is the content of RAR message in MAC-CE carried by the MSG2,
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As part of the RAR message, gNB provides 27 bit UL grant in order to schedule the MSG3 transmission from the UE. We have the following detailed content of 27 bit UL grant specified in TS38.213
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Within the 27 bit UL grant, we have 1 bit CSI request field which is copied from LTE design for early CSI report during RACH procedure. However, due to the time limitation of Rel-15 NR design, RAN1 cannot finish the detailed design of CSI request procedure to support early CSI report during RACH procedure. As results, we have the following quoted sentence in TS38.213, “The CSI request field is reserved”, essentially disabling the early CSI report during RACH procedure. 

On the other side, early CSI report during RACH procedure can help improving the robustness of the RACH procedure and the reliability of the further communication between the UE and gNB. Figure below illustrates the potential benefit and justification of supporting early CSI report during RACH procedure. 

We consider a beam based NR deployment, in which for the simplicity of illustration, we assume gNB transmits 4 SSBs, i.e., SSB1, SSB2, SSB3 and SSB4. Each SSB is transmitted with different beam in order to provide ubiquitous and robust coverage. Each SSB is associated with its corresponding RACH occasion. A UE will try to detect and measure the quality of SSB. In order to reduce latency, current specification does not require UE to finish the measurement of all SSBs before deciding which RACH occasion UE should use for MSG1. In fact, as long as the SSB quality meets the performance requirement, UE can use the RACH occasion corresponding to that SSB for MSG2, and the further communication with the gNB will be based on the beam of that SSB until UE can report the best beam and, consequently, gNB reconfigures the beam used for communication after RRC connection set up. Let us assume that both SSB1 and SSB3 meet the performance requirement, however, SSB3 has better quality compared to SSB1. Currently, in order to reduce RACH latency, UE can RACH the system on RACH occasion corresponding to SSB1, and, continue RACH procedure based on SSB1 beam. However, SSB3 can provide a better communication quality if UE can early report the best beam, i.e., SSB3, to the gNB during RACH procedure, for example, in MSG3. 

Therefore, there are at least two benefit for early CSI report during RACH procedure
· It allows UE to update gNB with the best beam as early as MSG3
· It allows UE to update gNB with the latest channel especially if there is significant latency between MSG1 and MSG3
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Figure 4 illustration of 4-step RACH procedure
Based on the above discussion, our view is that NR should consider to support early CSI report during RACH procedure. We should consider both RACH procedures in the current specification (1) Type-1 random access procedure, i.e., 4-step RACH (2) Type-2 random access procedure, i.e., 2-step RACH. For the design of early CSI report during RACH procedure, we should consider (1) triggering mechanism of early CSI report (2) CSI report configuration (3) UE CSI measurement timeline 

Proposal 4.1, NR should consider to support early CSI report during RACH procedure including both Type-1 random access procedure, i.e., 4-step RACH and Type-2 random access procedure, i.e., 2-step RACH. For the design of early CSI report during RACH procedure, we should consider 
· triggering mechanism of early CSI report 
· CSI report configuration 
· UE CSI measurement timeline 
Conclusion
In contribution, we provide our views on the following three topics of MIMO further enhancement 
· UE procedure for reporting UCI with Multi-Panel Simultaneous Transmission (MPSTx). 
· Link adaptation enhancement for Multicast and Broadcast Services (MBS)
· Early CSI reporting during RACH procedure
In summary, we have the following proposals 
UE procedure for reporting UCI with Multi-Panel Simultaneous Transmission (MPSTx). 
Proposal 2.1, UE applies the existing procedure to resolve overlapping resources per panel
· Uplink PUCCH and/or PUSCH resources associated to different panels are assumed non-overlapping in time 
· If no panel association indication is provided for an uplink transmission, it is associated with 1st panel/beam

Proposal 2.2, RAN1 should discuss solutions for UCI reporting when UE indicates under some conditions, simultaneous transmission of PUCCH+PUSCH, or PUSCH+PUSCH (when at least one PUSCH contains UCI), or PUCCH+PUCCH, is out of UE’s MPSTx capability.

Link adaptation enhancement for Multicast and Broadcast Services (MBS)
Proposal 3.1, NR to consider to CQI enhancement for MBS including
· Reducing CQI report overhead, i.e., bitwidth 
· Allowing CQI report based on SSB measurement 

Proposal 3.2, NR to consider to beam management enhancement for MBS including
· Beam Failure Recovery procedure enhancement 
· Beam management enhancement for simultaneous Multicast and Unicast service including interference management enhancement

Proposal 3.3, NR to consider to retransmission strategy enhancement for MBS with the goal to reduce the retransmission overhead and improve diversity during retransmission 

Proposal 3.4, NR to consider MIMO layer adaptation enhancement for MBS by allowing NW to select the maximum number of layers that can be served among all MBS UEs

Early CSI reporting during RACH procedure
Proposal 4.1, NR should consider to support early CSI report during RACH procedure including both Type-1 random access procedure, i.e., 4-step RACH and Type-2 random access procedure, i.e., 2-step RACH. For the design of early CSI report during RACH procedure, we should consider 
· triggering mechanism of early CSI report 
· CSI report configuration 
· UE CSI measurement timeline 
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Table 8.2-1: Random Access Response Grant Content field size

RAR grant field Number of bits

Frequency hopping flag 1

14, for operation without shared spectrum channel access

PUSCH frequency resource allocation 12, for operation with shared spectrum channel access

PUSCH time resource allocation 4
MCS 4
TPC command for PUSCH 3
CSl request 1

0, for operation without shared spectrum channel access

ChannelAccess-CPext 2, for operation with shared spectrum channel access





