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1. Introduction
In this contribution, we discuss motivations for follow up RAN1 maintenance work in Rel-16 to address unresolved issues from Rel-15 due to late stage of the specification and potential backward compatibility issues.
2. Discussion 
During Rel-15 NR maintenance work in RAN1 [1] several “essential” issues were not resolved due to late stage of the Rel-15 specification and potentially non-backwards compatible changes. Although some of the corresponding modifications may not be critical for operation of the first wave of Rel-15 NR networks relying on the basic functionality, the existing ambiguities in the specification and unresolved issues may prevent from implementation and usage of the more advanced capabilities of UE and gNB in the practical networks. Moreover, considering future evolution of the NR systems, keeping some functionality issues unresolved in NR may not be appropriate due to potential impact on the new NR features to be introduced in the future releases. 
In particular the description of the following Rel-15 aspects was not completely addressed in the current RAN1 specifications according to our understanding:
Default QCL assumption for aperiodic CSI-RS triggered with scheduling offset below threshold
NR supports beam management procedure based on aperiodic CSI-RS (A-CSI-RS). In FR2 A-CSI-RS can be scheduled by gNB with time offset which can be below or above beam switching threshold indicated by the UE capability using FG 2-28. 
	2-28
	A-CSI-RS beam switching timing
	1. Minimum time between the DCI triggering of AP-CSI-RS and aperiodic CSI-RS transmission shall be at least KBi symbols. (Symbols measured from last symbol containing the indication to first symbol of CSI-RS), where i is the index of SCS, l=1,2 corresponding to 60,120 kHz SCS.
	Optional with capability signaling
Only applicable to FR2
Candidate values:
{14, 28, 48, 224, 336}  


According to current specification, if the A-CSI-RS for beam management scheduling offset is below threshold, UE assumption on the default Rx beam (default QCL assumption) is unspecified in Rel-15, introducing ambiguity between gNB and UE and, therefore, preventing from such scheduling decision in the practical NR systems. On the other hand, A‑CSI-RS triggering with scheduling offset below threshold is expected to be useful, comparing to A-CSI-RS triggering with offsets above thresholds that can be relatively large (e.g. 336 OFDM symbols) according to FG 2‑28 description above. 
Simultaneous transmission and reception in FR2
The issue of simultaneous transmission and reception was extensively discussed in RAN1 and RAN4 during Rel-15 timeframe (see LS in [2]). The issue occurs in FR2, due to a single analog Rx beamforming capability at the UE allowing reception using one Rx beam at time across intra-band CA. With such constraint simultaneous processing of the different physical channels or reference signals scheduled with different QCL assumptions (targeting different and conflicting Rx beamforming at the UE) on the same or different CCs is not feasible. The issue of simultaneous processing of reference signal used for RRM and BM measurements with physical channels or reference signal configured for other purpose is currently being addressed in RAN4 through scheduling restrictions and prioritization of the measurements (with some cases already specified). 
Simultaneous processing for some combinations was also addressed in RAN1 (see table below)
	Group-1
	Group-2
	UE behavior

	PDSCH scheduled before timeDurationForQCL
	PDCCH (CORESET)
	38.214: Prioritize reception of PDCCH (CORESET) if QCL Type D is different but PDSCH behavior not specified. Also applies to intra-band CA

	CSI-RS with repetition=ON
	PDCCH (CORESET)
	38.214: Scheduling not allowed. Also applies to intra-band CA

	All other CSI-RS without repetition=ON (includes TRS, CSI and repetition=OFF)
	PDCCH (CORESET)
	38.214: UE may assume same QCL-Type-D. Also applies to intra-band CA [NW ensures same QCL]

	CSI-RS for L1-RSRP
	SSB
	38.214: UE may assume same QCL-Type-D

	A-CSI-RS for CSI (without trs-Info and without repetition) scheduled before beamSwitchTiming
	PDSCH scheduled after timeDurationForQCL, A-CSI scheduled after beamSwitchTiming
	38.214: UE applies QCL-Type-D of Group-2 to receive

	PDCCH (CORESET)
	PDCCH (CORESET)
	38.213: Select monitoring search spaces in the cell with lowest index, then select CSS over USS, then lowest search space id. Only search spaces with same QCL-Type-D required to be monitored 

	PDSCH (DM-RS)
	SSB
	38.214: UE may assume same QCL-Type-D for DM-RS and SSB


However, several remaining combinations identified by RAN1 for specification [3] were not finalized due to lack of time and late stage of Rel-15 work 
· PSDSCH+PDSCH 
· PDSCH scheduled after timeDurationForQCL + PDCCH 
· A-CSI-RS scheduled after beamSwitchTiming or periodic, semi-persistent CSI-RS + PDSCH scheduled before Threshold-Sched-Offset 
· SRS+SRS (including SRS of different types)
Although in the first wave of Rel-15 systems, simultaneous transmission and reception of the physical channels and reference signals may not occur due to use of a single transmit beamforming at gNB and support of single active TCI state for PDSCH at the UE, the issue is likely to become a real life in the future NR deployments supporting multiple Tx beamforming capability at time at the gNB and support of multiple TCI states for PDSCH at the UE. Having UE behavior undefined in RAN1 specification for the remaining cases could create scheduling restrictions leading to inefficiencies due to different assumptions at gNB and UE regarding processing priorities in the above combinations. 
Beam management with MPE consideration
UL transmission in FR2 may be limited by MPE (Maximum Permissible Exposure). Due to human safety reasons, a UE may not be able to transmit at the maximum Tx power when the best UL beam direction traverses the human body. According to RAN4 LS to RAN1/RAN [4] the needed power back off to comply with RF exposure regulation could be relatively large that could make UL transmission not efficient or even not possible in FR2. 
According to Rel-15 beam management procedures, beam selection for UL is a full responsibility of the gNB. However the existing beam reporting procedures supported in Rel-15 (e.g., for beam correspondence) only reflect DL beam quality and doesn’t provide information regarding additional Tx power constraints in the UL UE may have for the reported beam. As the result the best reported beam for DL may not be efficient for the UL transmission. It is therefore, necessarily to enhance beam reporting procedures to facilitate more knowledgeable beam selection decisions at gNB for DL and UL.  
QCL assumption of PDCCH/PDSCH/PUSCH after beam failure recovery (BFR)
According to BFR procedure in case of beam failure after transmitting PRACH, UE starts to monitor CORESET-BFR based on new Tx beam identified from BFR. However according to specification, UE is also required to monitor previous CORESET based on previous Tx beam (TCI state) as well, where previous Tx beam (TCI state) for PDSCH is still valid according to the current specification irrespective of BFR. However such requirement clearly exceeds UE capability, e.g., when UE is supporting tracking of a single Tx beam (single active TCI state FG 2-4).
Somewhat similar issue occurs in the uplink, where UE is required to reset only the PUCCH beam (spatial relation info) after BFR based on new Tx beam identified from BFR. This means that for PUSCH scheduled by DCI format 0_1, UE is still required to maintain previous Tx beam. If UE is capable of supporting single Tx beam (single active spatial relation info FG 2-60), current specification exceeds signaled UE capability.
Spatial relation info assumption for configured grant based PUSCH
For grant based PUSCH, it is defined that the indicated SRI is associated with the most recent SRS transmitted before PDCCH. Thus UE should use the same Tx beam for the PUSCH as the corresponding SRS transmitted before PDCCH. But for configured grant based PUSCH, the associated between SRS and SRI is undefined, which makes UE behavior for Tx beam for PUSCH ambiguous with different implementation options: one is to apply the Tx beam in most recent SRS transmitted before the signaling of the configured grant to PUSCH; the other one is to apply the Tx beam in most recent SRS transmitted before the PUSCH transmission occasion. Such ambiguity would result in spatial relation info assumption mismatch for configured grant based PUSCH transmission and,  therefore, poor UL performance.
Summarizing discussion above the following observation can be made.
Observation:
· Some of the practical NR system capabilities are not functional in Rel-15 and the issues cannot be resolved in Rel-15 timeframe due late stage and potential backwards compatibility issues
Based on the discussion above it seems essential to consider limited follow up work in RAN1 to correct essential issues taking into account backwards compatibility. In our view, Rel-16 TEI work or Rel-16 eMIMO WI in RAN1 may be considered with the scopes decided in RAN.
Proposal:
· Consider follow up maintenance work for NR in RAN1, e.g. as part of Rel-16 TEI work or Rel-16 eMIMO WI, to resolve these issues in backwards compatible manner if applicable 
· The actual scope can be decided in RAN with the following open issues used as a starting point
· Issues related to beam management
· QCL assumption of aperiodic CSI-RS for BM
· Beam management and reporting procedures with consideration of MPE
· QCL assumption of PDCCH/PDSCH/PUSCH after beam failure recovery
· Spatial relation info assumption for configured grant based PUSCH
· Issues related to simultaneous transmission and receptions for two groups of RS / physical channels
· UE assumption for processing of the following combinations PSDSCH+PDSCH, PDSCH+PDCCH, A-CSI-RS+PDSCH, SRS+SRS (including SRS of different types)
3. Conclusions
In this contribution, we discuss motivations for follow up maintenance work in Rel-16 to address unresolved issues from Rel-15 due to late stage of the specification and potential backward compatibility issues. It was observed that some of the practical NR capabilities are not functional in Rel-15 and the issue cannot be resolved in Rel-15 timeframe, due late stage and potential backwards compatibility issues. Based on the observation the following proposal was made
· Consider follow up maintenance work for NR in RAN1, e.g. as part of Rel-16 TEI work or Rel-16 eMIMO WI, to resolve these issues in backwards compatible manner if applicable
· The actual scope can be decided in RAN with the following open issues used as a starting point
· Issues related to beam management
· QCL assumption of aperiodic CSI-RS for BM
· Beam management and reporting procedures with consideration of MPE
· QCL assumption of PDCCH/PDSCH/PUSCH after beam failure recovery
· Spatial relation info assumption for configured grant based PUSCH
· Issues related to simultaneous transmission and receptions for two groups of RS / physical channels
· UE assumption for processing of the following combinations PSDSCH+PDSCH, PDSCH+PDCCH, A-CSI-RS+PDSCH, SRS+SRS (including SRS of different types)
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