[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _Ref452454252][bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting #86bis                 	R4-1805070
Melbourne, Australia, April 16th – 20th 2018

Source:	Nokia, Nokia Shanghai Bell 
Title:	Discussion on NR intra-frequency measurement requirements for DRX
Agenda item:	7.9.4.1.3
Document for:	Discussion
1	Introduction
Intra-frequency measurement requirements are very essential for overall NR system performance, and have been discussed in several RAN4 meetings. So far, RAN4 has agreed the structure such that we have 
· requirements for measurements without gaps, and 
· gap assisted measurements. 
Also, the requirements will include the delay for PSS/SSS detection, SBI acquisition and L1 measurement period. The baseline numbers for the requirements in FR1 are also agreed.
· For PSS/SSS detection	
· FR1 max(600ms, [5 or 6] x SMTC period) 
· FR2 max([X1]ms, [5 or 6] x N1x SMTC period)
· For SBI acquisition
· FR1 max(120, 3 x SMTC period)
· FR2 max([X2], [5] x N2 x SMTC period)
· For measurements 
· FR1 max(120, 3 x SMTC period)
· FR2 max([X2], [5] x N2 x SMTC period)
Besides, RAN4 has agreed the scheduling availability for gapless measurements in case of mixed numerology and FR2. 
On the other hand, there are still many open issues besides agreeing on the actual numbers above:
1) Requirements when measurement gap (MG) is configured and overlapping with intra-frequency SMTC
2) MG sharing between intra- and inter-frequency measurements
3) Requirements for multiple serving cells (CA)
4) Disabling intra-frequency for SCell (question from RAN2 in [1])
5) Requirements for DRX
Issue 1), 2), 3), and 4) are addressed separately in our companion papers. In this paper, we will provide our views on the DRX requirements for intra-frequency measurement. As DRX requirements are defined for both intra- and inter-frequency measurements, the discussion is not limited to intra-frequency. 
2	Discussion
DRX requirements are introduced to allow UE power saving in connected mode. In order not to jeopardize the UE power saving opportunities due to UE measurement requirements, the UE measurement requirements in LTE were adapted/aligned with the DRX. The basic principle in LTE DRX requirements is that the UE in DRX is relaxed and the UE not required to perform cell search and measurement as frequently as in non-DRX, e.g. UE performance requirements are relaxed such that they can be fulfilled by a UE that perform RRM measurement once per DRX cycle. The DRX requirements for connected mode intra-frequency are copied in Table 1 as an example.
[bookmark: _Ref510696717]Table 1: Cell identification requirements with DRX in LTE (Table 8.1.2.2.1.2-1 in 36.133)
	DRX cycle length (s)
	Tidentify_intra (s) (DRX cycles)

	≤0.04
	0.8 (Note1)

	0.04<DRX-cycle≤0.08
	Note2 (40)

	0.128
	3.2 (25)

	0.128<DRX-cycle≤2.56
	Note2(20)

	Note1:	Number of DRX cycle depends upon the DRX cycle in use.
Note2:	Time depends upon the DRX cycle in use.


In NR the same DRX principles are used in MAC and therefore it is expected that also similar principles as the UE requirements in DRX in LTE are re-used for NR DRX requirements. One difference compared to LTE is that the non-DRX requirements are not fixed time delays but dependent on SMTC period. 
The current cell identification requirements are copied in Table 2 as an example. 
[bookmark: _Ref510696884]Table 2: Current cell identification requirements with DRX in NR (Table 9.2.5.1-1 in 38.133) 
	DRX cycle
	TPSS/SSS_sync

	No DRX, or DRX cycle < SMTC periodicity
	max(600ms,[5 or 6]x SMTC period) Note 1

	DRX1 < DRX cycle≤ DRX2
	TBD

	…
	…

	…
	…

	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


It can be seen that in current specification, DRX requirements are classified into two cases: when DRX cycle is less than SMTC period and non-DRX requirements apply, or when DRX cycle is equal to or greater than SMTC period and the requirements are TBD. In our view, such differentiation is not a good approach. 
· If same number of samples is used for DRX and non-DRX requirements, the dependency can be simplified by using “max(SMTC period, DRX cycle)” as the base for the scaling; 
· If different number of samples is used for DRX than for non-DRX requirements, it means the requirement with same DRX cycle may be different depending the relationship with SMTC period, and this complexity needs to be taken by both UE and the network.
Therefore, we suggest to not consider the comparison between DRX cycle and SMTC period in defining DRX requirements.
[bookmark: _Ref510701416]Do not consider the comparison between DRX cycle and SMTC period in defining DRX requirements.
Another open issue in defining DRX requirements is whether the same number of samples should be used for all DRX cycles. As shown in Table 1, in LTE DRX requirements different numbers of DRX cycles are used, in particular, for “medium” DRX cycles (from 40ms to 1280ms) more DRX cycles are allowed compared to non-DRX or large DRX cycles. The consideration was to allow more power saving for medium DRX cycles by defining the requirements in the similar level as large DRX cycles. 
Some companies proposed to re-use the same principle in NR, e.g. in [2]. In our view, this is not a good approach. If the measurement performance with medium DRX cycle is relaxed to the same level as for large DRX cycle, network may have to choose to use small DRX cycle or even non-DRX if the mobility performance is a concern, e.g. as in high speed scenarios. In most cases, network would expect more frequent measurement from a UE configured with smaller DRX cycle (data is more active) compared to a UE configured with large DRX cycle (data is more inactive), so using the same number of samples for all DRX cycles is a more straightforward option.
[bookmark: _Ref510701417]Do not introduce additional relaxation in terms of number of samples for some DRX cycles.
The misalignment between DRX ON-duration and SMTC duration has been discussed by some companies, e.g. [2]. We agree that this is an issue to be considered, since UE may need to wake up in DRX off time thus spend more power in order to meet the same requirement compared to the case where DRX ON-duration is time aligned with SMTC duration, and measurement within ON-durations are enough to get the required number of samples. 
How to handle this issue in RLM requirements was agreed in RAN4#86. The solution is to relax the DRX requirements by a scaling factor of [1.5] for DRX cycle for short DRX cycle and no scaling for long DRX cycle. The boundary between short and long cycles are TBD. The motivation for this solution is to enable for short DRX cycles same power saving for aligned and misaligned cases, while for long DRX cycles it is considered that significant power saving is already achievable with since the absolute requirement is quite relaxed. 
We think it is straightforward that the same solution is also used for RRM measurement. Also, it means the requirements for small and medium DRX cycles are more relaxed compared to large DRX cycles even the same number of samples is applied.
[bookmark: _Ref510701419]Introduce relaxation for misalignment between DRX and SMTC in the same way as for RLM.
In [2] the issue of how to handle different DRX configuration in MN and SN is raised. In EN-DC, MN and SN can independently configure measurement and DRX for MCG and SCG, respectively. It is then possible that DRX is configured in MN but not in SN, DRX is configured in SN but not in MN, or DRX is configured in both MN and SN but with different DRX cycles. In [2] it is proposed to use the maximum of DRX cycle from MN and SN to determine the UE requirements. 
In our view, however, this approach may be problematic. When there is no EN-DC, when an LTE eNB or NR gNB configures a measurement, it will expect the measurement performance to be according to its DRX configuration (if DRX is used and the DRX cycle). Following the proposal in [2], the measurement performance will be dependent also on the DRX configuration in another node. Even the current RAN2 and RAN3 specification supports MN and SN to exchange the DRX configuration, MN and SN may configure the DRX independently based on different considerations.
The same issue has been discussed in LTE DC and the corresponding requirements are defined in section 8.8.2 to 8.8.4 of 36.133. It can be seen that the PCell requirements are based on DRX configuration in MCG, PSCell requirements are based on DRX configuration in SCG, and inter-frequency and inter-RAT requirements are based on DRX configuration in MCG. In short, the requirements are determined by the DRX configuration in the configuring node. We suggest to re-use the same principle in NR.
[bookmark: _Ref510701420]In EN-DC, the DRX requirements are determined by the DRX configuration in the configuring node.
Based on all above discussions, we suggest that DRX requirements for NR are defined in the form of 
max(X, [KDRX*S]*Nbeam*max(SMTC period, DRX cycle)), where 
· KDRX is the scaling factor for misalignment, K=[1.5] for DRX cycle < 320ms, and K=1 otherwise
· X, S and Nbeam are the minimum delay requirement, number of required samples, and the scaling factor for beam sweeping in FR2, respectively. They are same for non-DRX and all DRX cycles
· DRX cycle is as configured by the node that configures the measurement 
3	Conclusion
In this paper we provided our views on how to define RRM requirements for DRX in NR.
Proposal 1: Do not consider the comparison between DRX cycle and SMTC period in defining DRX requirements.
Proposal 2: Do not introduce additional relaxation in terms of number of samples for some DRX cycles.
Proposal 3: Introduce relaxation for misalignment between DRX and SMTC in the same way as for RLM.
Proposal 4: In EN-DC, the DRX requirements are determined by the DRX configuration in the configuring node.
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