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In RAN#84 meeting, the WID for power saving has been approved [1]. The objective for RRM measurements is as follows.
	5) Specify network-configured mechanism to relax intra and inter-frequency RRM measurement for neighbour cells for RRC_IDLE/INACTIVE with minimal mobility performance impacts [RAN2, RAN4]
a) Specify RRM measurement relaxation by allowing measurements with longer intervals, and/or by reducing the number of cells/carriers to be measured [RAN4, RAN2]
b) Define triggering criteria for the UE to move between relaxed and normal RRM measurements, that considers at least if UE is not at cell edge, or if UE is stationary or with low mobility [RAN2, RAN4].
i) Evaluate and specify requirements (if needed) depending on RAN2 criteria [RAN4]
NOTE: No new measurement quantities should be introduced


During RAN2#107 meeting, we made the following agreement:
	Agreements 
1. Measurement relaxation criteria can consider both low mobility and UE location in the cell (e.g. whether the UE is in cell-edge).   


In this offline discussion, we focus on the details of relaxation criteria for NR. Notice that we are not discussing “how to relax” the measurements here. Also, proposals should be within the scope of the WID.
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RRM measurement relaxation for low mobility/stationary UEs
In LTE, RRM measurement relaxation can be applied if a UE is stationary, i.e., the serving cell RSRP drop is limited. In NR, measurement relaxation criteria for low mobility UEs can be designed by considering LTE mechanism as baseline, or we may design other mechanisms to determine whether a UE is with low mobility.
Q1: Can RRM measurement be relaxed for low mobility/stationary UEs? If yes, should the LTE relaxed monitoring criteria be considered as baseline, or we consider other ways to determine UE mobility?
	Company
	Comments

	MediaTek
	Yes, and LTE solution should be the baseline. We may also consider serving cell signal strength variation (up and down) instead of signal strength drop (down).

	Huawei, HiSilicon
	Low mobility/stationary UEs should be able to relax the measurements by increasing the measurement period. 
Note that it is more important for UE to perform measurements for mobility, than to relax. We should be cautious, and make sure the UE mobility performance takes precedence over relaxing.
A similar criteria to LTE can be used. We think the following enhancements should be considered compared to that baseline.
1) UE does not completely stop measurements but rather increases the measurement period (i.e. time domain relaxation)
2) TsearchDeltaP in addition to SSearchDeltaP are configurable by the network. In LTE TsearchDeltaP is fixed to 5 minutes, or eDRX length (whichever s longer) and this is not suitable for NR.
3) Rather than re-evaluate every TSearcheltaP the UE can do continuous evaluation – see the TP in R2-1910879. This allows more dynamic detection, and UE will enable and, more importantly, disable relaxed measurements in a more responsive way than NB-IoT/eMTC. Measurements can be switched back to “full performance” as soon as UE detects the delta threshold is exceeded, rather than having to wait until TsearchDeltaP passes.
4) No additional 24 hour period is needed. This is for checking deployment changes, as in LTE the relaxed monitoring criteria allows UE to stop measuring, but in NR UE should just measure less frequently.

	LG
	Yes, we think LTE relaxed monitoring based on the serving cell RSRP variation can be the baseline. However, we need to modify the condition of changing reference serving cell quality value in the criteria. On the contrary to the NB-IoT UEs, as NR UEs are usually mobile, we suggest to update whenever new serving cell quality is measured. Therefore, we can compare two most recent serving cell measured qualities for calculating the serving cell RSRP variation.

	Samsung
	We don’t think that the current MSE is a bad option in order to identify low mobility as we consider the RRM measurement relaxation as a scaling mechanism.
Even though NB-IoT solution is agreeable, we would like to allow UE to choose between the MSE and the NB-IoT solution in UE implementation.

	Ericsson
	In our view we should take the LTE relaxed monitoring as a baseline, and avoid re-doing the same work. But using LTE as a baseline does not mean we cannot make changes, e.g. make hard coded values configurable, add new restrictions to limit potential impact on mobility, etc. It is more efficient to discuss and motivate delta’s to the LTE baseline, then to re-start the design. 
Some more detailed comments on the bullets mentioned by HW above:
1. In our view the UE should be allowed not to measure (i.e. in. We also have concerns that if the measurement period is too long, the UE cannot re-use samples from the previous period, i.e. they are outdated, i.e. this is not an efficient measurement approach in the UE. It would be more efficient to have measurements with the legacy period during a limited time window, where the windows are separated with a long distance. But this sound like the “background” measurement discussed in bullet 4. In our view the UE should be allowed not to measure, but there should be “background” measurements (as mentioned in bullet 4). Perhaps our views would thus eventually merge…
2. Agree
3. We do not fully understand how the neighbour cell relaxation criteria can depend on the actual neighour cell measurements, i.e. when you measure less, you can relax more, …?
4. See bullet 1  

	Sony
	Yes, we think LTE solution should be used for NR low mobility/stationary UEs. The determination of the UE as stationary may require some enhancements e.g. 24 hours period for cell reselection is not useful for NR. Also TsearchDeltaP may have smaller values.

	CATT
	Yes, the LTE solution should be considered as baseline for low mobility criterion.

	Intel
	Yes, UE being stationary or low mobile is one of the trigger condition to relax the RRM measurements as it was agreed in online session.
UE can determine that is "stationary or low mobile" when the number of cell reselections during certain time period is equal to 0 or less than certain configured threshold. 
TS 38.304 could define these new trigger conditions within the mobility state detection criteria (as a new state).

	vivo
	Yes, and LTE solution to determine UE mobility can be the baseline.

	OPPO
	LTE solution can be used as the baseline



Q2: In multi-beam operation, how should we determine whether a UE is with low mobility/stationary?
	Company
	Comments

	MediaTek
	If a UE changes its serving beam, it should not be considered stationary even the quality of beams does not change a lot. This actually means that it is harder to find a really stationary NR UE. For example, UE can change its serving beam even if it just turns to another direction. A UE may be stationary only at night.

	Huawei, HiSilicon
	We can consider the cell quality measurement as a baseline. As mentioned above, it is better to avoid enabling relaxed measurements in case of doubt so the serving beam change should at least not be ruled out at this time as a possible enhancement to the LTE criteria. We want to consider that further.

	LG
	Cell quality shall be enough. Even if UE is stationary, beam quality may vary during beam sweeping.

	Samsung
	Alternatively, the frequency of the beam change could be used to estimate UE mobility. For instance, if the SSB index for monitoring Paging hasn’t almost changed within a same cell, it would mean low mobility or stationary.
Currently, we think that it’s worth studying. 

	Ericsson
	RRM relaxation should not depend on multi-beam configuration, i.e. single beam deployment should be the baseline. We also think it is complex for the NW to provide detailed beam info in system information, which would indicate where the beam is located in the cell, or in what direction the UE is moving. Perhaps detection of beam mobility in the UE, without NW assistance, can be used to assist RRM relaxation, but we prefer not to include beam mobility. In our view beam mobility is transparent, i.e. continuously the UE selects the best beam, but the measured serving cell RSRP is the main input to detect if RRM measurements can be relaxed. We suspect that if beam mobility is included in the relaxation criteria, that the UE in view cases can relax RRM, i.e. beams change continuously even when the UE is stationary. If you then want to specify how many beams can change, and if these are different or same beams, this discussion becomes easily very complicated. So we think it is complicated to include beams, and in any case, the solution should not depend on beams, i.e. RRM relaxation should also work in single beam.

	Sony
	We think that variation of serving cell quality should be the baseline to determine the threshold. We already have number of beams taken into account in cell quality evaluation and then any change in the serving cell quality over a period (e.g. TsearchDeltaP or similar) should be enough to decide if the UE is stationary. This should be configured as SSearchDeltaP threshold by the network. 

	CATT
	Cell quality should be used in multi-beam scenario, beam-level info/behaviour should not be considered.

	Intel
	Multi-beam operation could use the same trigger as previously explained (i.e. number of cell reselection) understanding that this trigger condition focus on the UE's mobility. Note that for the UE's "location" in a cell (understanding that this location actually aims to identify that UE is under good cell conditions to relax RRM measurements), our preference is to use the SINR i.e. SINR of serving cell is above certain configured threshold as explained in the following responses.

	vivo
	If serving beams signal strength variation is limited to a certain range, the UE can be considered as low mobility/stationary and perform RRM measurement relaxation, even if the UE changes its serving beam.

	OPPO
	Cell quality should be enough



RRM measurement relaxation considering UE location in a cell
Another type of measurement relaxation is to consider UE location in a cell. For example, RRM measurements can be relaxed if UE is not at cell edge. There are different ways to determine a UE’s location in a cell; methods proposed by contributions include (1) serving cell quality, (2) serving vs. neighbour cell quality, (3) network assistance information, (4) neighbour cell quality.
Q3: Can RRM measurement be relaxed based on UE location in a cell? If yes, how should the criteria be defined? Please also indicate the solution(s) that you CANNOT accept, if any.
	Company
	Comments

	MediaTek
	Yes, and the UE location in a cell should be determined by the difference between serving and (best) neighbour cell signal strength. Considering only serving cell strength is equivalent to introducing another set of S-threshold, which may not help much.

	Huawei, HiSilicon
	We think serving cell RSRP/RSRQ threshold should be introduced. 
We also think that the UE can consider the neighbour cell absolute threshold – as proposed in R2-1910877 – to determine whether to relax on specific neighbours.

	LG
	The RRM measurement relaxation criteria shall be based on absolute threshold of serving cell RSRP/RSRQ. We don’t think comparing serving cell with neighbour cell is reliable, as each UE in RRC_IDLE/INACTIVE has different neighbour cell results and they are not reported to the network, we don’t think network can broadcast proper configuration for all the UEs in its coverage.
Therefore, we think serving cell RSRP/RSRQ threshold can be used for the measurement relaxation criteria. Once entering the criteria based on the serving cell quality, then the UE can determine whether to relax the measurement on each frequency based on the neighbour cell measurements. This can be discussed further.

	Samsung
	We also assume serving cell RSRP/RSRQ thresholds for it.

	Ericsson
	We would like to remind that we already have thresholds, i.e. intra- and inter-frequency measurement threshold. We are not sure if adding another threshold, and relaxing the measurements inbetween those two threshold is a good way forward. It is not clear if the NW can configure this new threshold accurately, i.e. configure a grey area that is significantly large, where the UE can relax the RRM measurement somewhat (e.g in time). Will this give significant gains? If the NW would configure existing measurement threshold more aggressively similar effect is obtained…? Will we also have discussion to have multiple thresholds, where the UE can relax more and more….?

	Sony
	We assume that the relaxed monitoring in LTE can be the baseline.

	CATT
	Yes, a cell edge UE should not be allowed to relax its RRM measurements. As a baseline, new RSRP and RSRQ thresholds of serving cell can be used to for this purpose.

	Intel
	As explained in previous question, UE's "location" in a cell (understanding that this location actually aims to identify that UE is under good cell conditions to relax RRM measurements) can be determined by UE when the RSRP, RSRQ and/or SINR of serving cell is above certain configured threshold.

	vivo
	Yes. A UE location in a cell can be determined by the serving cell signal strength or the difference between serving cell and best neighbour cell signal strength. The former can be used to determine a UE not at cell edge, especially for a large cell.

	OPPO
	We think LTE criteria can be taken as baseline even if we consider location



Q4: In multi-beam operation, how should we determine a UE’s location in a cell for measurement relaxation?
	Company
	Comments

	MediaTek
	In multi-beam operation, serving and neighbour cell/beam signal strength may not reflect UE location precisely, e.g., a UE at cell edge may receive strong serving cell signal due to beam-forming. However, RRM measurement relaxation can still be applied for UEs with serving cell/beam apparently better than best neighbour cell/beam, wherever the UE’s physical location is. We can still call such UEs “not at cell edge”, or find some other terms to describe them.

	Huawei, HiSilicon
	We think the serving beam information can be used to determine specific cells and frequencies to measure, but not really when to enable the time domain relaxation (except possibly considering the enhancement to LTE relaxation criteria by including the evaluation is done on the same serving beam)

	LG
	We don’t think beam level quality consideration is needed.

	Samsung
	Currently, we have no idea on it.

	Ericsson
	Mediatek provided an interesting picture where it can be observed that beams provide very “random” signal quality, e.g.. no strong correlation between distance to cell edge and signal quality (especially at high frequencies). This would imply that the NW would have to provide detailed beam location information in system information, which we think is too complex for the NW, see above. 

	Sony
	We think that the UE might see a higher number of beams while at the cell edge so network may use a conservative SSearchDeltaP threshold.

	CATT
	FFS

	Intel
	See response in Q3.

	vivo
	In multi-beam operation, if serving cell link quality is good enough or the difference between serving cell and best neighbour cell signal strength is higher than a threshold for a UE, the UE can still apply RRM measurement relaxation, regardless of UE location. 

	OPPO
	Don't think we need beam level quality.



Q5: Any other comments?
	Company
	Comments

	
	

	
	

	
	



Summary
The comments from companies are summarized as follows:
Totally 11 companies participated in the offline discussion.
Q1: Can RRM measurement be relaxed for low mobility/stationary UEs? If yes, should the LTE relaxed monitoring criteria be considered as baseline, or we consider other ways to determine UE mobility?
All companies agree that LTE/NB-IoT relaxed monitoring can be considered as a baseline. Two companies mentioned mobility state estimation (MSE).
=> We suggest that LTE relaxed monitoring is considered as a baseline.

Q2: In multi-beam operation, how should we determine whether a UE is with low mobility/stationary?
In multi-beam operation, 5 companies think that cell quality can be used to determine whether a UE is with low mobility/stationary; 2 company thinks that beam should be transparent, and UE can relax measurements as long as serving beam variation is limited, even UE changes serving beam; 1 company thinks that UE can be considered stationary only if serving beam does not change; 2 companies consider number of beam/cell change for UE mobility estimation.
=> We suggest that in multi-beam operation, measurement relaxation can be applied as long as serving cell or beam quality variation is limited, even if UE changes its serving beam. FFS to use derived cell quality or only serving beam quality.

Q3: Can RRM measurement be relaxed based on UE location in a cell? If yes, how should the criteria be defined? Please also indicate the solution(s) that you CANNOT accept, if any.
7 companies think that UE location can be determined by serving cell RSRP/RSRQ threshold; 2 companies consider difference between neighbour and serving cell strength; 3 companies think LTE mechanism can be baseline. However, 2 companies express concern on the accuracy of determining UE location based on serving cell strength.
=> We suggest that serving cell RSRP threshold is used, but keep it FFS whether to consider neighbor cell RSRP threshold.
Q4: In multi-beam operation, how should we determine a UE’s location in a cell for measurement relaxation?
Most companies do not think different mechanism needs to be considered in multi-beam operation, and thus their answer to Q4 is the same as that to Q3; 2 companies think further study may be needed.
=> We suggest not addressing beam-specific mechanism.

Conclusion
It is proposed to discuss and decide on the following proposal:
Proposal: UE may activate relaxed measurement criteria if any of the following conditions are met:
· Serving Cell measurement does not change more than a relative threshold during a time period
· LTE relaxed monitoring criteria in 36.304 is considered as a baseline
· In multi-beam operation, measurement relaxation can be applied as long as serving cell or beam quality variation is limited, even if UE changes its serving beam. FFS to use derived cell quality or only serving beam quality.
· UE is not a cell edge, meaning that serving cell/beam RSRP is above a threshold
· FFS: Whether neighbour cell RSRP should also be considered.
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