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Introduction
In the last couple of meetings RAN4 has been discussing the issue of requirements for CSI-RS in DRX in [1, 2]. The discussion is closely related to the NR L3 RRM requirements scaling for basic cell detection, Index reading and measurement period when the UE is in DRX. Particularly a relaxation factor was introduced during the RRM requirements discussion as the SMTC and the DRX On-duration in NR may not necessarily be aligned in time (i.e. synchronized). This could lead to additional on-time and power consumption for the UE.
To address this particular concern, an additional relaxation of 1.5 was allowed in the RRM requirements. However, this additional scaling factor has later been applied more generally for a wide range of UE requirements.
In this paper we discuss the applicability of the factor 1.5 scaling for CSI-RS based measurements.
Discussion
Next, we look first at why and how the relaxation was introduced for SSB based RRM measurement. Secondly we look at the look at CSI-RS based L1 measurements.
Scaling of SSB based RRM measurements
NR physical layer is designed such that reference signals for RRM measurements are not necessarily present continuously. Because of this, the UE is configured with an SMTC which indicates to UE when the UE can assume presence of the synchronization and reference signal for RRM measurements (SSB).
The NR specification does not require that the SMTC and the DRX On-duration for a given UE are time aligned. I.e. the SMTC may be present outside the UE configured DRX On-duration. This design is different from LTE where the physical layer where reference signals for measurements are continuously present and synchronization signals are present every 5ms. I.e. whenever the UE measures there will be CRS present for RRM measurements – and PSS/SSS will be present every 5ms. 
This potential asynchronized configuration of On-duration and SMTC in NR, caused concerns from some companies regarding the UE power consumption impact, when the UE is in DRX. The concern being that the UE would possibly have to power up twice to receive: once for the SSB for RRM measurements and again for PDCCH reception during On-duration.
The solution became to allow a measurement relaxation on the UE side to address the situation when the SMTC and On-duration were not overlapping. 
In the original discussion, the proposal was to allow this relaxation (which became a scaling factor of 1.5) only when the SMTC and On-duration was not overlapping. However, for specification simplicity the relaxation was agreed to be applied in a generic way. I.e. UE is always allowed an additional relaxation of the RRM requirements for DRX cycles shorter than or equal to 320ms. This is illustrated as example in table 9.2.5.1-1 from 38.133 (yellow part).
Table 9.2.5.1-1: Time period for PSS/SSS detection, (Frequency range FR1)
	DRX cycle
	TPSS/SSS_sync_intra

	No DRX
	max[600ms, ceil( [5] x Kp) x SMTC period ]Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max[600ms, ceil(1.5x [5] x Kp) x max(SMTC period,DRX cycle)] x CSSFintra

	DRX cycle>320ms
	Ceil([5] x Kp) x DRX cycle x CSSFintra

	NOTE 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified



Scaling of CSI-RS based L1 measurements
While the discussion related to SMTC and DRX On-duration was justified, there is not a similar justification of an additional relaxation of factor 1.5 for CSI-RS based L1 measurements. However, such relaxation has been introduced only due to more or less blind copying of requirements throughout the 38.133 without proper time for discussion.
As explained, the initial reason for adding the additional relaxation is based on the UE in DRX when the SMTC is not overlapping with the On-duration. A similar condition will never happen for CSI-RS based L1 measurements. 
Nevertheless, a similar relaxation is now applicable for CSI-RS based L1 measurements when UE is in DRX mode.
For example, the 1.5 relaxation factor has been included into link recovery evaluation period in table 8.5.3.2-1.
Table 8.5.3.2-1: Evaluation period TEvaluate_BFD_CSI-RS for FR1
	Configuration
	TEvaluate_BFD_CSI-RS (ms) 

	no DRX
	max([50], [MBFD *P] * TCSI-RS)

	DRX cycle ≤ 320ms
	max([50], [1.5×MBFD *P]*max(TDRX, TCSI-RS))

	DRX cycle > 320ms
	[MBFD*P] * TDRX

	Note:	TCSI-RS is the periodicity of CSI-RS resource in the set [image: ]. TDRX is the DRX cycle length.



Different from SSB and SMTC, the CSI-RS is UE specific configuration. The CSI-RS configurations are configured by the network according to the need for enabling e.g. channel estimation, tracking, UE Demod, beam management among others.
The UE can assume that the UE configured CSI-RS is present during On-Duration and beyond. This assumption means that the UE is not required to wake up additionally to measure CSI-RS as was the potential situation with SSB-based measurements. For CSI-RS based measurement the situation is rather similar to LTE and well in line with the RAN4 general understanding related to DRX and UE measurements – namely that a UE is allowed but in general not required/expected to measure beyond UE active time. I.e. the UE minimum requirements are balanced according to the applied DRX.
For CSI-RS based L1 measurements, the UE need not measure CSI-RS outside DRX active time.
Based on this the current relaxation of additional 1.5 for DRX cycles equal to or shorter than 320ms for CSI-RS based requirements not needed.
Remove the 1.5 relaxation factor for CSI-RS based requirements for DRX cycle ≤ 320ms.
We propose following update using Table 8.5.3.2-1 as example:
Table 8.5.3.2-1: Evaluation period TEvaluate_BFD_CSI-RS for FR1
	Configuration
	TEvaluate_BFD_CSI-RS (ms) 

	no DRX
	max([50], [MBFD *P] * TCSI-RS)

	[bookmark: _Hlk810434]DRX cycle ≤ 320ms
	max([50], [1.5×MBFD *P]*max(TDRX, TCSI-RS))

	DRX cycle > 320ms
	[MBFD*P] * TDRX

	Note:	TCSI-RS is the periodicity of CSI-RS resource in the set [image: ]. TDRX is the DRX cycle length.



A similar change would be necessary different places in 38.133. In [4] we have provided a CR.

Conclusion
In this paper we discuss the use and need for the additional 1.5 relaxation factor used for CSI-RS based L1 measurement requirements. The relaxation factor was introduced in connection with RRM measurments when the DRX On-duration and SMTC would not be aligned to account for the added UE power savings. However, for CSI-RS based L1 measurement similar problem does not exist and this SSB related additional relaxation shall be removed.
1. Remove the 1.5 relaxation factor for CSI-RS based requirements for DRX cycle ≤ 320ms.
In [4] we have provided a CR.
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