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1. Introduction
In RAN4#88bis candidate beam detection was discussed and way forward on beam management was agreed [1]. With regards to candidate beam detection or link recovery the following were agreed:
	· -3dB as side condition for CBD measurement.
· For CSI-RS based CBD, CSI-RS is assumed to be transmitted in >=24 PRBs with D=3
· [3] samples for SSB and [5] samples for CSI-RS with D=3 with FFS accuracy, FFS how to capture the accuracy requirements in the spec
· CBD measurement may cause scheduling restriction when performed. When CBD measurement is performed is FFS.
· Option 1: CBD measurement is performed only when beam failure is detected
· Option 2: Up to UE implementation 
· No other is no condition for N=1 for SSB based CBD measurement 
· N is fixed to 8 when condition for N=1 does not apply.
· Same scheduling restriction due to CBD measurement are defined as for L1-RSRP for beam reporting
· FFS prioritization between L3 measurement in SMTC and CBD measurement.
· For SSB based CBD, FFS if N=1 is feasible under the condition that SSB is included in SMTC
· For CSI-RS based CBD, FFS if N=1 is feasible and the condition
· FFS if requirements for D=1 with larger BW are defined for CSI-RS based CBD
· FFS when UE scheduling restriction are allowed due to CBD measurement being performed.
· Option 1: when beam failure is detected
· Option 2: Up to UE implementation 




In this contribution we address the open issues related to candidate beam detection (CBD).
2. Discussion
The open issues related to CBD are:
1. Accuracy requirements for CBD
2. Conditions for N=1 for CBD
3. Resource sharing factor ‘P’ for CBD
4. Scheduling restriction 
5. CSI-RS based CBD with D=1

2.1 Accuracy requirements for Candidate Beam Detection 
In RAN4#88bis the following were agreed for accuracy requirements for CBD:
· -3dB as side condition for CBD measurement.
· For CSI-RS based CBD, CSI-RS is assumed to be transmitted in >=24 PRBs with D=3
· [3] samples for SSB and [5] samples for CSI-RS with D=3 with FFS accuracy, FFS how to capture the accuracy requirements in the spec
To define the accuracy requirements for CBD, we measured the estimation error for CSI-RS based L1-RSRP measurement for FR1 and FR2
Table 1: L1-RSRP Measurement accuracy in FR1
	
	CSI-RS BW
	3
	5
	7
	10

	TDLA30; 10Hz
15KHz SCS
	24 PRB
	1.6
	1.45
	1.37
	1.3

	TDLC300; 100Hz
15KHz SCS
	
	1.78
	1.65
	1.57
	1.5

	TDLC300; 100Hz
30KHz SCS
	
	1.8
	1.68
	1.63
	1.53


 
Table 2: L1-RSRP Measurement accuracy in FR2
	
	CSI-RS BW
	3
	5
	7
	10

	TDLA30; 75Hz
120KHz SCS
	24 PRB
	1.68
	1.5
	1.4
	1.35

	
	48 PRB
	1.3
	1.24
	1.1
	1.03

	
	96 PRB
	1.15
	1
	0.9
	0.8



Based on the results in table above, we observe that there is not significant performance improvement with 5 samples vs 3 samples. In order to not introduce additional latency due to measurement, we recommend defining requirements for CSI-RS based CBD with 3 samples.
Proposal #1: Define requirements for CSI-RS based Candidate Beam Detection with 3 samples
With CSI-RS config with D=3 and 24PRB, we observe that the estimation error is ~2dB with 3 samples without considering implementation and RF margin. Taking into account implementation and RF margin, we recommend defining the accuracy requirement as 5 dB. 
[bookmark: _GoBack]Proposal #2: Define accuracy requirement for CSI-RS based Candidate Beam Detection as 5dB
During the link recovery procedure the UE doesn’t report L1-RSRP of the candidate beams to the network, hence it is not straightforward to define accuracy requirements for CBD. But the accuracy of L1-RSRP estimation for CBD could be verified implicitly in the test for BFD and CBD.
Proposal #3: Define test case for Beam Failure Detection and Candidate Beam Detection so as to verify L1-RSRP estimation accuracy for Candidate Beam Detection

2.2 Conditions for N=1 
In RAN4#88bis, it was agreed that for SSB based CBD in FR2 the evaluation period (TEvaluate_CBD_out in Table 8.5.5.2-1) shall always have scale factor of N=8.
The conditions for N=1 for CSI-RS based CBD are FFS. For CSI-RS resources configured for CBD, suitable Rx beam would need to be determined, except for the cases when the Rx beam is known. The suitable Rx beam for CSI-RS resource for CBD would be known if it is configured with repetition parameter ‘ON’ (for beam refinement) or is configured with parameter trs-Info (for tracking). Another case would be if the CSI-RS configured for CBD is QCL-TypeD with CSI-RS configured with repetition parameter ‘ON’ or with trs-info. 
The conditions for CSI-RS based CBD when N=1 is applicable are:
N=1,
if CSI-RS configured for CBD is configured with repetition parameter and repetition parameter is ‘ON’, or,
if CSI-RS configured for CBD is configured with parameter trs-Info, or,
if CSI-RS configured for CBD is QCL-Type D with a CSI-RS resource with repetition parameter and repetition parameter is ‘ON’ and CBD resources are mutually TDMed, or,
if CSI-RS configured for CBD is QCL-Type D with a CSI-RS resource with parameter trs-Info and CBD resources are mutually TDMed

Proposal #4: The N= conditions for CSI-RS based Candidate Beam Detection shall be defined as: 
N=1,
if CSI-RS configured for CBD is configured with repetition parameter and repetition parameter is ‘ON’, or,
if CSI-RS configured for CBD is configured with parameter trs-Info, or,
if CSI-RS configured for CBD is QCL-Type D with a CSI-RS resource with repetition parameter and repetition parameter is ‘ON’ and CBD resources are mutually TDMed, or,
if CSI-RS configured for CBD is QCL-Type D with a CSI-RS resource with parameter trs-Info and CBD resources are mutually TDMed

2.3 Resource sharing factor ‘P’ for CBD
The resource sharing for CBD-RS shall be the same as BFD and should be updated as follows for SSB based CBD and CSI-RS based CBD.
For SSB based CBD:
For FR1,
-	P=1/(1 – TSSB/MGRP), when in the monitored cell there are measurement gaps configured for intra-frequency, inter-frequency or inter-RAT measurements, which are overlapping with some but not all occasions of the SSB; and
-	P=1 when in the monitored cell there are no measurement gaps overlapping with any occasion of the SSB.
For FR2,
-	P=1/(1 – TSSB/TSMTCperiod), when CBD-RS is not overlapped with measurement gap and CBD-RS is partially overlapped with SMTC occasion (TSSB < TSMTCperiod).
-	P is Psharing factor, when CBD-RS is not overlapped with measurement gap and CBD-RS is fully overlapped with SMTC period (TSSB = TSMTCperiod).
-	P is 1/(1- TSSB/MGRP - TSSB/TSMTCperiod), when CBD-RS is partially overlapped with measurement gap and CBD -RS is partially overlapped with SMTC occasion (TSSB < TSMTCperiod) and SMTC occasion is not overlapped with measurement gap and
-	TSMTCperiod ≠ MGRP or
-	TSMTCperiod = MGRP and TSSB < 0.5*TSMTCperiod
-	P is 1/(1- TSSB /MGRP)* Psharing factor, when CBD-RS is partially overlapped with measurement gap and CBD-RS is partially overlapped with SMTC occasion (TSSB < TSMTCperiod) and SMTC occasion is not overlapped with measurement gap and TSMTCperiod = MGRP  and TSSB = 0.5*TSMTCperiod
-	P is 1/{1- TSSB /min (TSMTCperiod ,MGRP)}, when CBD-RS is partially overlapped with measurement gap (TSSB <MGRP) and CBD-RS is partially overlapped with SMTC occasion (TSSB < TSMTCperiod) and SMTC occasion is partially or fully overlapped with measurement gap.
-	P is 1/(1- TSSB /MGRP)* Psharing factor, when CBD-RS is partially overlapped with measurement gap and CBD-RS is fully overlapped with SMTC occasion (TSSB = TSMTCperiod) and SMTC occasion is partially overlapped with measurement gap (TSMTCperiod < MGRP)
-	Psharing factor = 3.

For CSI-RS based CBD:
For FR1,
-	P=1/(1 – TCSI-RS/MGRP), when in the monitored cell there are measurement gaps configured for intra-frequency, inter-frequency or inter-RAT measurements, which are overlapping with some but not all occasions of the CSI-RS; and
-	P=1 when in the monitored cell there are no measurement gaps overlapping with any occasion of the CSI-RS.
For FR2,
-	P=1, when CBD-RS is not overlapped with measurement gap and also not overlapped with SMTC occasion.
-	P=1/(1 – TCSI-RS/MGRP) , when CBD-RS is partially overlapped with measurement gap and CBD-RS is not overlapped with SMTC occasion (TCSI-RS < MGRP)
-	P=1/(1 – TCSI-RS /TSMTCperiod), when CBD-RS is not overlapped with measurement gap and CBD-RS is partially overlapped with SMTC occasion (TCSI-RS < TSMTCperiod).
-	P is Psharing factor, when CBD-RS is not overlapped with measurement gap and CBD-RS is fully overlapped with SMTC occasion (TCSI-RS = TSMTCperiod).
-	P is 1/(1- TCSI-RS /MGRP - TCSI-RS /TSMTCperiod), when CBD-RS is partially overlapped with measurement gap and CBD-RS is partially overlapped with SMTC occasion (TCSI-RS < TSMTCperiod) and SMTC occasion is not overlapped with measurement gap and
-	TSMTCperiod ≠ MGRP or
-	TSMTCperiod = MGRP and TCSI-RS < 0.5*TSMTCperiod
-	P is 1/(1- TCSI-RS /MGRP)* Psharing factor, when CBD-RS is partially overlapped with measurement gap and CBD-RS is partially overlapped with SMTC occasion (TCSI-RS < TSMTCperiod) and SMTC occasion is not overlapped with measurement gap and TSMTCperiod = MGRP  and TCSI-RS = 0.5*TSMTCperiod
-	P is 1/{1- TCSI-RS /min (TSMTCperiod ,MGRP)}, when CBD-RS is partially overlapped with measurement gap (TCSI-RS < MGRP) and CBD-RS is partially overlapped with SMTC occasion (TCSI-RS < TSMTCperiod) and SMTC occasion is partially or fully overlapped with measurement gap.
-	P is 1/(1- TCSI-RS /MGRP)* Psharing factor, when CBD-RS is partially overlapped with measurement gap and CBD-RS is fully overlapped with SMTC occasion (TCSI-RS = TSMTCperiod) and SMTC occasion is partially overlapped with measurement gap (TSMTCperiod < MGRP)
-	Psharing factor is 3.
Proposal # 5: Define resource sharing factor ‘P’ for Candidate Beam Detection similar to Beam Failure detection

2.4 Scheduling Restriction 
In RAN4#88bis it was agreed that the scheduling restriction for CBD shall be the same as beam reporting. Also there was a discussion on when UE performs CBD. Options were:
· Option 1: CBD measurement is performed only when beam failure is detected
· Option 2: Up to UE implementation 
When the UE performs CBD is not testable, we propose that it be left to UE implementation. 
Proposal # 6: When UE performance Candidate Beam Detection is up to UE implementation

2.5 CSI-RS based CBD with D=1
In RAN4#88bis the requirements for CSI-RS based CBD with D=1 were FFS. Based on RAN-1 UE feature list, for SSB/CSI-RS for beam measurement feature, the supported values for CSI-RS density are:
On FR2, UE is mandated to signal either “3 only” or “both 1 and 3”
On FR1, either “3 only” or “both 1 and 3” is mandatory with UE capability signaling.
Based on the above, we recommend that requirements with CSI-RS density D=1 are not introduced for CSI-RS based CBD as it is not a mandatory feature for Rel-15.
Proposal #7: For CSI-RS based Candidate Beam Detection only define requirements with D=3

3. Conclusion
In this paper we present our views on open issues related to Candidate beam detection requirements and have the following proposals:
Proposal #1: Define requirements for CSI-RS based CBD with 3 samples
Proposal #2: Define accuracy requirement for CSI-RS based CBD as 5dB
Proposal #3: Define test case for Bean failure Detection and Candidate Beam Detection so as to verify L1-RSRP estimation accuracy for Candidate Beam Detection
Proposal #4: The N= conditions for CSI-RS based Candidate Beam Detection shall be defined as: 
N=1,
if CSI-RS configured for CBD is configured with repetition parameter and repetition parameter is ‘ON’, or,
if CSI-RS configured for CBD is configured with parameter trs-Info, or,
if CSI-RS configured for CBD is QCL-Type D with a CSI-RS resource with repetition parameter and repetition parameter is ‘ON’ and CBD resources are mutually TDMed, or,
if CSI-RS configured for CBD is QCL-Type D with a CSI-RS resource with parameter trs-Info and CBD resources are mutually TDMed
Proposal # 5: Define resource sharing factor ‘P’ for Candidate Beam Detection similar to Beam Failure detection
Proposal # 6: When UE performance Candidate Beam Detection is up to UE implementation
Proposal #7: For CSI-RS based Candidate Beam Detection only define requirements with D=3
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