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1. Introduction
[bookmark: _GoBack]In this contribution, we assume that the value reported by a UE for maxNumberActiveTCI-PerBWP is 1 according to UE feature 2-4 (mandatory). This implies the UE supports 1 active TCI state per BWP per CC for PDCCH and PDSCH. Further, a UE is required to track only the active TCI state. The expected behavior when such a UE is configured with CSI-RS for RLM, CSI-RS with repetition (beam management), CSI-RS for BFD on the same OFDM symbol as a potential or actual PDSCH allocation is specified in 38.133 sections 8.1.7.3, 8.5.7.3 and 8.5.8.3. CSI-RS based RRM requirements are not specified in Rel-15.
However, the expected UE behavior when such a UE is configured or aperiodically assigned a CSI-RS for CSI or TRS in the same OFDM symbol as a potential or actual PDSCH allocation is not specified. This places limitations on CSI-RS scheduling in Rel-15, e.g., such a UE cannot be scheduled with CSI-RS for CSI with a non-active TCI state or a TRS without a QCL Type-D assumption in Rel-15. Note that the QCL Type-D assumption for CSI-RS for CSI need not be the same as that of the active TCI state and can be obtained from a non-TRS resource such as SSB or CSI-RS for beam-management. Consequently, we think such unnecessary limitations can be removed and UE behavior clarified in specifications.
2. Proposal
We first consider the case where P/SP CSI-RS for CSI or aperiodic CSI-RS scheduled after beamSwitchTiming overlaps with a potential or actual PDSCH with a scheduling offset less than timeDurationForQCL. 
This case is shown in Figure 1. In slot n, UE uses default PDSCH beam that conflicts with the CSI-RS QCL Type-D assumption assigned in the same slot (actual PDSCH is not assigned). This case can occur often. In slot (n+1), an actual PDSCH is scheduled by DCI in the same slot with a QCL Type-D assumption that is not aligned with the QCL Type-D assumption for the CSI-RS (in the same slot). UE behavior in terms of QCL Type D assumption cannot be different between slot n and (n+1) because the timeDurationForQCL value is at least 14 OS for 120 kHz SCS. Thus, although the conflict in slot (n+1) can be avoided by scheduler restriction, the conflict in slot n cannot be avoided.



[bookmark: _Ref19012932]Figure 1: In slot n, no PDSCH is scheduled but there is still a conflict between the default beam for PDSCH and the CSI-RS beam. In slot (n+1), PDSCH is scheduled and there is a conflict between the actually scheduled PDSCH and the CSI-RS.
Based on the above discussion, our proposal is to apply the ‘QCL-TypeD’ assumption of the CSI-RS on the overlapped symbol(s) for receiving a scheduled PDSCH.  We note that scheduling restriction would apply with CSI-RS for RLM, CSI-RS with repetition (beam management), CSI-RS for BFD on the same OFDM symbol as a potential or actual PDSCH allocation as specified in 38.133. 
The case where P/SP CSI-RS for CSI or aperiodic CSI-RS scheduled after beamSwitchTiming overlaps with a potential or actual PDSCH with a scheduling offset equal or greater than timeDurationForQCL can be handled by the scheduler ensuring alignment of the QCL Type-D assumptions with no specification change.
Text proposal (38.214 section 5.1.5):
For both the cases when tci-PresentInDCI is set to 'enabled' and tci-PresentInDCI is not configured in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest CORESET-ID in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE. In this case, if the 'QCL-TypeD' of the PDSCH DM-RS is different from that of the PDCCH DM-RS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. This also applies to the intra-band CA case (when PDSCH and the CORESET are in different component carriers). Further, in this case, if the 'QCL-TypeD' of the PDSCH DM-RS is different from that of an aperiodic CSI-RS scheduled with offset larger than or equal to the minimum value between 48 and the UE reported threshold beamSwitchTiming or a periodic CSI-RS or a semi-persistent CSI-RS with which the PDSCH could overlap in at least one symbol, the UE applies the ‘QCL-TypeD’ assumption of the CSI-RS on the overlapped symbol(s). This also applies to the intra-band CA case (when PDSCH and the CSI-RS are in different component carriers). If none of configured TCI states for the serving cell of scheduled PDSCH contains 'QCL-TypeD', the UE shall obtain the other QCL assumptions from the indicated TCI states for its scheduled PDSCH irrespective of the time offset between the reception of the DL DCI and the corresponding PDSCH. 
3. Conclusions
In this contribution, we discuss motivations for follow up RAN1 maintenance work in Rel-16 to address a case in FR2 where a potential or actual PDSCH overlaps with a CSI-RS in at least one symbol and the QCL Type-D assumptions are not aligned. We propose the following and an associated TP for resolution:
Proposal:
· Specify UE behavior in the case where P/SP CSI-RS for CSI or aperiodic CSI-RS scheduled after beamSwitchTiming overlaps with a potential or actual PDSCH with a scheduling offset less than timeDurationForQCL
· Consider prioritizing CSI-RS reception when this occurs (TP included).
References
[1]	 R1-1809881, LS on UE behaviour on reception of channels or RS in the same OFDM symbol, RAN1, Intel, RAN1#94, Gothenburg, August 2018.
[2]	 R1-1809881, Reply LS on UE behaviour on reception of channels or RS in the same OFDM symbol, RAN4, LGE, RAN1#97, Reno, May 2019.
[3]	RP-190573, Discussion on NR MIMO maintenance work,	Intel Corporation, 3GPP TSG RAN#83 meeting, Shenzhen, China, March. 18-21, 2018.
[4]	R1-1904032, Enhancements on simultaneous Tx/Rx of channels/signals, ZTE, 3GPP TSG RAN WG1 Meeting #96bis, Xi’an, China, 8th – 12th April, 2019.
[5]	R1-1908666, Proposal for TEI: simultaneous Rx/Tx of channels/RS in FR2	Intel Corporation, Verizon Wireless, Ericsson, 3GPP TSG RAN WG1 Meeting #98, Prague, CZ, 26th – 30th August, 2019.



3/3
image1.emf
Slot n Slot n+1

CORESET PDSCH CSI-RS (periodic)


Microsoft_Visio_Drawing1.vsdx
Slot n
Slot n+1
CORESET
PDSCH
CSI-RS (periodic)



