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Introduction
During RAN4#94-e-Bis, an LS on pre-emption of CSI-RS for L3 measurement was sent to RAN1 [1]. In this LS, RAN4 asked RAN1 to resolve the issue when CSI-RS for L3 measurement is pre-empted by DCI format 2_1.
Per chairman’s guidance, this summary is to collect companies’ views on this LS and try to draft the reply based on companies’ input.
[101-e-5LS-02] Email discussion/approval for a potential draft LS to R1-2003270 by 5/28 (Mohammed, MTK).
Discussion
As detailed below, RAN4 sent an LS to RAN1 to address the issue of pre-emption of CSI-RS for L3 measurement [1].
	1. Overall Description:
RAN4 would like to kindly inform RAN1 that RAN4 has identified one issue when CSI-RS for layer 3 measurement is pre-empted by DCI format 2_1. Because the CSI-RS are also intended to be received by neighbouring cell UEs which are unable to monitor DCI format 2_1 transmitted from their neighbouring cells, these UEs may naively try to measure the CSI-RS from actually other signals, leading to performance degradation. 
2. To RAN WG2 group. 
ACTION: RAN4 kindly ask RAN1 to resolve the issue when CSI-RS for L3 measurement is pre-empted by the DCI format 2_1.



DL pre-emption is adopted in NR Rel-15 to enable dynamic multiplexing between URLLC and eMBB UEs. A UE that detects a DCI format 2_1 for a serving cell from the configured set of serving cells, the UE will assume that no transmission to the UE is present in PRBs and in symbols that are indicated by the DCI format 2_1.
As highlighted by RAN agreements that are listed below, the main focus of RAN1 discussions regarding DL pre-emption was on increasing the likelihood of successful decoding of a TB based on the pre-empted transmission and/or subsequent (re)-transmissions of the same TB. Given that the pre-empted resources will map to specific HARQ process(s), the UE can utilize the pre-emption indication information to successfully decode the impacted TB(s) based on the pre-empted transmission and/or subsequent (re)-transmissions (e.g. by flushing the impacted LLRs from the buffer).
	RAN1#88bis:
Agreement: Indication of URLLC transmission overlapping the resources scheduled for an eMBB UE in downlink can be dynamically signaled to the eMBB UE to facilitate demodulation and decoding
· FFS details
Agreements:
· Indication can be dynamically signaled to a UE, whose assigned downlink resources have  partially been preempted by another downlink transmission, to increase the likelihood of successful demodulation and decoding  of the TB(s) transmitted within the above mentioned assigned resource
· The indication may be used to increase the likelihood of successful demodulation and decoding of the transport block based on the pre-empted transmission and/or subsequent (re)-transmissions of the same TB



RAN1#90bis

Agreements:
· For slot level monitoring periodicity, UE is not required to monitor preemption indication for a slot in which PDSCH is not scheduled
· UE is not required to monitor preemption indication in DRX slots
· UE is not required to monitor preemption indication for the deactivated DL BWP
· Note: not necessarily all of the above bullets will have spec impacts



As highlighted below in the text from TS38.213, RAN1 has excluded some signals (such as SS/PBCH blocks) from pre-emption to avoid impacting the system performance. SS blocks were excluded from pre-emption because they are used for synchronization and initial access for all UEs. If SS blocks were pre-empted, many UEs would fail to receive system information, or even perform initial access correctly [2].
	[bookmark: _Hlk30612715]11.2 Interrupted transmission indication

[omitted text]
If a UE detects a DCI format 2_1 for a serving cell from the configured set of serving cells, the UE may assume that no transmission to the UE is present in PRBs and in symbols that are indicated by the DCI format 2_1, from a set of PRBs and a set of symbols of the last monitoring period. The indication by the DCI format 2_1 is not applicable to receptions of SS/PBCH blocks.



Based on RAN4 LS [1], the same issue happens with CSI-RS for L3 measurement, which is configured in the CSI-RS-ResourceConfigMobility information element. As illustrated in Figure 1, a UE in Cell#2 has to measure CSI-RS transmitted from Cell#1, but is not able to read DCI format 2_1 broadcasted by Cell#1. Therefore, this UE has no idea about the pre-emption on CSI-RS and may attempt to measure the RSRP from some signals other than CSI-RS. When this happens, UE behaviour becomes unpredictable.
[image: ]
[bookmark: _Ref40204910]Figure 1: UEs has to measure CSI-RS transmitted from Cell#1 but is not able to read DCI format 2_1 broadcasted by Cell#1.

Discussion point #1: Shall RAN1 exclude CSI-RS for L3 measurement from DL pre-emption?
	Company
	View

	Nokia
	No. Doing so would be a non-backwards compatible change to Rel-15 with no critical reason to do so, but rather the opposite. If the pre-emption is not applied to the configured CSI-RS for the mobility, they could not be cancelled and network would need to avoid them in scheduling, resulting possible delay e.g. in URLLC traffic and hence not meeting the target QoS. If the pre-emption application is kept unchanged, and it is still applied to all signals except SSB, network could still, knowing that the given RS’s are used by multiple UEs, try to avoid scheduling so that pre-emption is used on PRBs/symbols where CSI-RS for mobility is transmitted. However, if it is not possible to avoid e.g. due to very high URLLC load, network would still be able to occasionally do so. Hence, current specification allows network to try to avoid these, but does not mandate it to do so.

	OPPO
	No. It can be controlled by network. The current UE behaviour should not be changed. 

	Samsung
	No. We are on the same page with Nokia and OPPO.

	vivo
	No. This issue can be resolved through network implementation. No special handling is needed.

	Huawei, HiSilicon
	No. We agree with the analysis from Nokia. 

	Ericsson
	No. We agree with the analysis from Nokia

	Apple
	Yes, we prefer CSI-RS mobility cannot be pre-empted 

	Intel
	No. Agree with analysis from Nokia.
Additionally, in RAN1 #90bis, the following agreement was made:
Agreements:
· For slot level monitoring periodicity, UE is not required to monitor preemption indication for a slot in which PDSCH is not scheduled
· UE is not required to monitor preemption indication in DRX slots
· UE is not required to monitor preemption indication for the deactivated DL BWP
· Note: not necessarily all of the above bullets will have spec impacts

Therefore, that it is our understanding the RAN1 intention was that even for serving cell, if the UE is not scheduled, CSI-RS for L3 or CSI feedback could be pre-empted (in theory). Based on agreements, it is our understanding it is up to gNB to make sure to avoid impact to CSI-RS measurement due to pre-emption. The impact avoidance should be applicable for serving cell and also neighbour cells.
Intel’s preference is to leave to resolution up to gNB implementation, and try to not specify RRM requirements that assume UE to handle puncturing of part or all of CSI-RS resources for L3 mobility measurement by DCI format 2-1.

	DOCOMO
	No. We agree with the analysis from Nokia.

	Qualcomm
	In our understanding, including CSI-RS in the pre-emption simply means that they UE *may* assume that the transmission doesn’t take place. There is no requirement for the UE either to assume that transmission took place or to assume that transmission didn’t take place in the case of pre-emption. 
Therefore, the distinction included in the answer is not too important. If the CSI-RS is included in the pre-emption, the UE may still assume that transmission took place. If the CSI-RS is excluded from the pre-emption the gNB can still choose not the transit the CSI-RS. The end result is exactly the same in the two cases. 
Based on the above, we don’t have a strong preference regarding how to answer. Saying that CSI-RS is not excluded from the pre-emption, which is the current specification status, would be ok.  
It is more important to reconfirm the understanding that there is no requirement for the UE either to assume that transmission took place or to assume that transmission didn’t take place when pre-emption happens. This applies to CSI-RS based L3 measurement but also to all other uses of CSI-RS. 

	MediaTek
	Yes, we prefer CSI-RS for L3 measurement to be excluded from pre-emption in a similar way as SS/PBCH blocks.



Discussion point #2: If CSI-RS for L3 measurement is not excluded from DL pre-emption, how the impact to the mobility procedures should be handled (e.g. it is the network onus to handle any impact to mobility procedures)?
	Company
	View

	Nokia
	As the UE in (neighbouring) cell#2 is not aware of the pre-emption, it would naturally be allowed to carry on measurements solely based on the configuration, and its inability to measure the pre-empted CSI-RS would be the network’s problem.

	OPPO
	It is up to network implementation. 

	Samsung
	It is up to gNB implementation.

	vivo
	Same view as OPPO and Samsung.

	Huawei, HiSilicon
	It is assumed NW implementation could handle it. 

	Ericsson
	Up to NW implementation

	Intel
	Up to network implementation to handle issues.

	DOCOMO
	Up to gNB implementation.

	Qualcomm
	The answer is not really dependent on Discussion point #1. Either with or without excluding CSI-RS from pre-emption, the CSI-RS may not be transmitted while the UE is allowed to assume that CSI-RS for L3 measurement has been transmitted. The resulting errors are up to the network to mitigate.

	MediaTek
	As the UEs in neighbouring cells are not aware of the pre-emption, the UE can’t be expected to assume that transmission on CSI-RS didn’t occur. Hence, it the network duty to handle any impact to mobility procedures.



Discussion point #3: Any other issues (if any)?
	Company
	View

	Nokia
	Respond to RAN4 that RAN1 acknowledges that RAN4’s interpretation of the current specification, indicates that the current definition is not in error, but intentional, and thus no standardization action is needed to fix something that is not broken. The network can attempt to avoid pre-empting the CSI-RS for mobility, but if it needs to pre-empt the CSI-RS for mobility, then the network needs to also bear the consequences.

	OPPO
	No impact on RAN1 spec

	Huawei, HiSilicon
	No impact to RAN1 is expected but OK to send LS to RAN4 with indicating the intention of RAN1’s spec. 

	Ericsson
	No impact on RAN1 spec. OK to send a response LS as Nokia proposed.

	Apple
	If the majority view and we decide to allow CSI-RS for mobility pre-emption, we think it is better to indicate in LS reply that 
· For RAN4 performance requirement related discussion, RAN4 can assume that CSI-RS for mobility is not pre-empted 
· When CSI-RS for mobility is pre-empted, there is no expected RAN4 performance requirement on the UE RRM performance 

	Intel
	No RAN1 specification impact. Ok to send a response LS as Nokia mentioned.

	DOCOMO
	No impact on RAN1 spec. It is better to send a response LS to RAN4 as Nokia proposed in order to facilitate the RAN4 discussion.

	Qualcomm
	Reconfirm the understanding that there is no requirement for the UE either to assume that CSI-RS transmission took place or to assume that CSI-RS transmission didn’t take place when pre-emption happens, for all uses of CSI-RS. No RAN1 specification change is needed for this. 

	MediaTek
	If the majority view decide is to not exclude CSI-RS from pre-emption, RAN1 should send and LS to RAN4 to confirm that there is no requirement for the UE to assume that CSI-RS transmission didn’t take place when pre-emption occurs.



Conclusion
Based on companies’ views in Section 2, the following summary is provided:
Discussion point #1: Shall RAN1 exclude CSI-RS for L3 measurement from DL pre-emption.
· 9 companies (Nokia, OPPO, Samsung, vivo, Huawei/HiSilicon, Ericsson, Intel, DOCOMO, Qualcomm) believe that CSI-RS for L3 measurement shouldn’t be excluded from DL pre-emption.
Reasoning:
· It will be non-backwards compatible change to Rel-15
· If CSI-RS can’t be cancelled, it might cause delays for scheduling URLLC traffic.
· 2 companies (Apple, MediaTek) prefer that the CSI-RS for L3 measurement to be excluded from DL pre-emption.

Based on the majority views, it can be concluded that CSI-RS for L3 measurement is not excluded from DL pre-emption. No RAN1 specs change is required.
Discussion point #2: If CSI-RS for L3 measurement is not excluded from DL pre-emption, how the impact to the mobility procedures should be handled.
· All companies acknowledge that there could be performance degradation due to pre-emption of CSI-RS for L3 measurement. Also, all companies think that it is up to the network to mitigate any resulting performance degradation.

In addition, 4 companies (Apple, Intel, QC, MTK) proposed to confirm/reconfirm that there is no requirement for the UE to assume that CSI-RS transmission didn’t take place when pre-emption occurs.

As several companies proposed to send reply LS to RAN4, the following draft reply LS is provided based on companies’ views.
	1. Overall Description:
RAN1 respectfully thanks RAN4 for asking RAN1 to resolve the issue when CSI-RS for L3 measurement is pre-empted by the DCI format 2_1.
According to RAN1 specifications, CSI-RS for L3 measurement is not excluded from pre-emption. It is RAN1 understanding that, as the UEs in neighbouring cells are not aware of the pre-emption, the UE should carry on measurements solely based on the configuration. There is no requirement for the UE to assume that CSI-RS transmission didn’t take place when pre-emption happens.
RAN1 understands that there could be performance degradation due to performing measurement on pre-empted CSI-RS, and it is up to the network to mitigate any resulting performance degradation.

2. Actions:
To 3GPP RAN4 
ACTION: 	RAN1 would like kindly ask RAN4 to take the above information into account in their future work.
3. Date of Next TSG-RAN WG1 Meetings:
TSG-RAN WG1#102 		24 August – 4 September 2020       			E-Meeting



During the email discussion of [101-e-5LS-02], the above draft text for the reply LS was approved by the Chairman. 
The Tdoc number of the final LS is R1-2004810.
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