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1 Introduction

UE specific DRX in NB-IoT has been discussed and the following agreements were made:

	· UE-specific DRX cycle values 320ms, 640ms, 1280ms, 2560ms, 5120ms and 10240ms are supported in NB-IoT for both EPS and 5GS.

· Introduce an indication in SIB to enable/disable the use of UE specific DRX cycles in NB-IoT for 5GS (similar to EPS). FFS whether it is cell or PLMN specific.

· Will clarify UE behaviour in case of CSS overlap due to large repetitions needed to decode the NPDCCH for paging. FFS how.
· Send a LS to CT1 and RAN3 to inform them about the UE specific DRX cycle values introduced for NB-IoT for both EPS and 5GS.

· Send a LS to RAN4 to inform them about the UE specific DRX cycle values introduced for NB-IoT for both EPS and 5GS and ask to update RRM requirements, if needed.


This document is for the following offline discussion two address the 2 highlighted FFS on UE specific DRX:

· [AT109bis-e][315][NBIOT]  UE specific DRX - FFSs (Huawei)


Scope: Address the 2 FFS on UE specific DRX

Intended outcome: Report in R2-2004052

Deadline: 28-04-2020, 10:00 UTC
2 Discussion
2.1 SIB indication for 5GS

It has been agreed to introduce an indication in SIB to enable/disable the use of UE specific DRX cycles in NB-IoT for 5GS (similar to EPS). FFS whether it is cell or PLMN specific.
Question 1. Whether the SIB indication to enable/disable the use of UE specified DRX for 5GS should be cell specific indication or PLMN specific indication? Please provide justification.
	Company name
	Cell specific/

PLMN specific
	Justifications

	Huawei, HiSilicon
	Cell specific
	We prefer to have a simple cell specific indication so that the eNB can enable/disable the use of UE specific DRX according to the deployments and use case.
We do not see the need to have per-PLMN indication. There were comments online that in case different operators share the same cell, they may have different paging requirement for different PLMN. However, we do not think this scenario is possible. There is only one set of paging configuration in one cell. Even in legacy, it is not possible to have different paging configuration for different PLMN. Thus, when the eNB makes decision to enable/disable UE specific DRX in one cell, it can only make decision according to cell specific DRX configuration, not per PLMN requirement.

	Qualcomm
	Cell specific
	1. The reason for this control is due to ng-eNB configuration e.g. deep coverage support makes it difficult to support short UE specific DRX therefore the control should apply to all PLMNs served by the cell.

2. PLMN level UE specific DRX control is possible at NAS level. 

From system perspective the DRX cycle used by a UE configured with UE specific DRX is less than or equal to configured UE specific DRX. But if RAN2 agrees to have a cell specific control for UE specific DRX then at system level it is no longer the case that delay to paging a UE would be bounded by the UE specific DRX. Therefore, SA2 must be information of this decision.

	MediaTek
	Cell specific
	If the SIB indication is PLMN specific, then a cell would be able to enable and disable UE specific DRX in the same time for different PLMN. But the SIB indication is designed for resolving the conflict of UE specific DRX and deep coverage, so it should not be enable and disable in the same time.

	Sequans
	No strong view
	The Tdoc R2-2003815 promoting this indication states “SIB indication is needed so that the NW/operator can enable/disable the use of UE specific DRX according to the deployment and targeted use cases”.
Still it seems impossible to have an operator granularity control in case of shared NW, according to above comments.


	Lenovo
	Cell specific
	It is simple and no extra issue introduced by per-PLMN paging mechanism.

	Vodafone
	Cell Specific
	with this granularity we are able to manage the DRX cycles of the UEs according to the cell traffic and activity , furthermore the last location of the UE is easily located

	Ericsson
	Cell specific
	Agree with the comments from HW above.


Summary: TBC

Proposal: TBC
2.2 Clarification on CSS overlapping

CSS overlapping was discussed in the email discussion [1] and the following agreement was made:
· Will clarify UE behaviour in case of CSS overlap due to large repetitions needed to decode the NPDCCH for paging. FFS how.
In general, we think search space overlapping is not a new issue introduced due to UE specific DRX. It may happen in legacy NB-IoT, thus we need to understand search space overlapping cases in legacy NB-IoT.

Search space overlapping case has been specified in TS36.213 as following:

	16.6
Narrowband physical downlink control channel related procedures

If a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig
-
the UE is not required to monitor an NPDCCH candidate of an NPDCCH search space if the candidate ends in subframe n, and if the UE is configured to monitor NPDCCH candidates of another NPDCCH search space having starting subframe k0 before subframe n+5

otherwise
-
the UE is not required to monitor NPDCCH candidates of an NPDCCH search space if an NPDCCH candidate of the NPDCCH search space ends in subframe n, and if the UE is configured to monitor NPDCCH candidates of another NPDCCH search space having starting subframe k0 before subframe n+5. 




· 
· 
According to above RAN1 specification, if CSS overlapping happens, i.e. the distance between the last NPDCCH candidate of the CSS n and the first NPDCCH candidate of CSS n+1 is smaller than 5 subframes, the UE is not required to monitor all NPDCCH candidates of CSS n. However, since CSS is periodic, the UE will not monitor any of NPDCCH candidates for all CSS as two adjacent CSS will always be overlapped with each other. 
Observation 1: according to the current RAN1 specification, if CSS overlapping happens, the UE is not required to monitor any of NPDCCH candidates for all CSS. 

Question 2. Do you agree with above observation 1 on RAN1 specification?
	Company name
	Yes/No
	Justifications

	Huawei, HiSilicon
	Yes
	

	Qualcomm
	Yes
	This means if CSS overlap happens then effectively UE cannot receive any page.


	MediaTek
	Yes
	

	Sequans
	Yes (in the context of all CSS overlap)
	We agree with the explanation.
The observation 1 is correct in the context where all CSS overlap, as explained by the rapporteur (e.g. DRX 320ms with Rmax 512).
It means that in such configuration, the UE can completely stop monitoring the paging and be compliant to specification (even if the UE is in good coverage)


	Lenovo
	Yes
	

	Vodafone
	Yes
	

	Ericsson
	Yes
	


Summary: TBC

Proposal: TBC
Search space overlapping is not a new issue, some existing configurations may cause search space overlapping, e.g.:
For CSS-Type1: defaultPagingCycle: rf128 + npdcch-NumRepetitionPaging: 2048




Observation 2: In theory, search space overlapping is possible in legacy in certain configurations for both USS and CSS. 

Question 3. Do you think above observation 2 that in theory search space overlapping may happen in legacy with certain configurations for 
CSS?

	Company name
	Yes/No
	Justifications

	Huawei, HiSilicon
	Yes
	Search space overlapping will happen at least in above examples.

	Nokia
	No with proper network configuration
	In Rel-15 based system, when the above situation happens the UE may choose not monitor the NPDCCH at all thus result in UE not receiving paging for such configuration. If the UE can choose to receive only the limited number of NPDCCH candidates which does not overlap with next search space, this problem can be solved. But this will limit the UE coverage to lower value than the maximum defined for the cell. Because this UE cannot receive page with maximum repetitions defined for CSS search space. This issue was discussed earlier within RAN2 in the context of fractional NB, and it is agreed that the network need to ensure the cell specific DRX cycle to avoid such overlap.

With lower DRX cycle lengths which is UE specific, the problem cannot be solved for the UE configured with UE specific DRX cycle, unless until the UE behaviour is clarified for this situation.

Possible options :

· O1: UE and Network automatically fallback to cell specific DRX cycle when the UE is paged in cell where there is CSS overlap for the UE specific DRX configuration. (Clarification to TS36.304)
· In this option : UE loses the benefit of short DRX cycle in the cells which is configured for coverage extension which results in CSS overlap.

· O2:UE and network may choose to DRX cycle length to next higher value which will not result in the overlap.
· O3: Above section should in TS36.213 needs to be modified to clarify the different UE behaviour for CSS overlap for paging. 

In our view view O1 and O2 were earlier discussed for similar issue within RAN2 based on Inputs from Docomo. As the UE behaviour changes were not prefered those options are not considered. UE specific DRX cycle is new feature in Rel-16 with specification impact, we don’t see issue in capturing the additional clarification for such specific UE in Rel-16.

	Qualcomm
	Yes
	In legacy it is not an issue because this would be considered a bad cell configuration and all UEs would be impacted hence problem will be easily identified and fixed.

	MediaTek
	Yes
	

	Sequans
	Yes but
	There are perfectly valid and useful configurations where such overlap would occur.
So we would not say “in theory”. In practice too. 
Common example is when G=1.5 is used, at SFN rollover (e.g. for USS, RA CSS)
We do not see the point in this email discussion.

	Lenovo
	Yes
	Search space overlapping will happen at least in above cases. We think eNB should try to avoid search space overlapping for NB-IOT scenario, otherwise it is UE implementation although UE coverage level is reduced somehow. No extra clarification is needed.

	Vodafone
	Yes
	Overlapping would be a common occurance 

	Ericsson
	Yes
	


Question 4. If the answer to Question 3 is yes, do you think above configurations which may lead to search space overlapping in legacy are valid?
	Company name
	Yes/No
	Justifications

	Huawei, HiSilicon
	No
	According to our reply to Q2, if search space overlapping happens, the UE will not to monitor any of NPDCCH candidates for that search space. 
Thus we think above configurations are invalid configuration and should be avoided by the eNB.

	Nokia
	No
	For cell specific DRX case, the above configuration is invalid and can be avoided by proper network configuration.
As per the above behaviour defined for CSS search space, the UE configured with UE specific DRX cycle will not be able to receive paging in cells where the CSS is configured for duration beyond the UE specifc DRX cycles. This impact is not acceptable.

	Qualcomm
	No
	It’s a bad eNB configuration that impacts all UEs and easily fixed with correct network configuration. The legacy mechanisms to ensure CSS for paging do not overlap cannot work where UEs in a cell use a varied range of DRX cycles.

	MediaTek
	No
	eNB should avoid to use CSS overlapped configuration.

	Sequans
	Yes
	Again, there are perfectly valid configurations with CSS overlap, and again not the point of this email discussion.

	Lenovo
	No
	eNB could avoid this kind of configuration.

	Vodafone 
	No 
	Agree with comments above the eNodeB should be designed to avoid this scenario 

	Ericsson
	
	The configuration is valid, however as specified in 36.213, the UE would not monitor NPDCCH candidates of an NPDCCH search space if there is CSS overlap and thus it should be avoided by the network, i.e., bad configuration.


Summary: TBC

Proposal: TBC
Question 5. According to Questions 2, 3 and 4, do you think any clarification on UE behaviour when CSS overlapping happens is needed?
 If yes, how to clarify?
	Company name
	Yes/No
, how?
	Justifications

	Huawei, HiSilicon
	No
	We think the current TS36.213 is very clear regarding the UE behaviour when search space overlapping happens, i.e. the UE is not required to monitor any of NPDCCH candidates of the search space. 
No further clarification is needed.

	Nokia
	Yes
	As indicated in Q3 any of the proposed options can be considered in our view. We can discuss on other options also based on company inputs.
But we don’t agree that this feature (support for UE specific DRX cycles lower than cell specific values) supported without additional clarification.

	Qualcomm
	Yes
	Because this is a bad configuration and the UE behaviour is clear. With such bad configurations UEs would not be able to receive any page.

But with UE specific DRX the problem is created for certain UEs even though cell configuration works fine for cell specific DRX.

	MediaTek
	No
	The CSS overlapped issue has already been clarified without any ambiguity.The clarification can also apply to UE specific DRX. No need further clarification.

	Sequans
	Yes
	As stated by HW: “the current TS36.213 is very clear regarding the UE behaviour when search space overlapping happens, i.e. the UE is not required to monitor any of NPDCCH candidates of the search space. ”
In new scenarios introduced by short DRX cycles (e.g. T=320ms and Rmax=512), this allows the UE to stop monitoring paging – even when the UE is in good coverage! That would be the natural UE decision since one could deduce from the specification that the NW would not even try to page him…So why bother listening to paging, at least this enables power consumption gain.
We agreed online to clarify UE behaviour in that case, the email discussion should focus on that.
In our view, the interface with RAN1 is the PF/PO location, indicating the CSS start. In order to keep the possibility for UE/NW to keep accumulating enough repetitions, we could indicate which POs shall be “skipped” in case of overlap.

We had a proposal in last meeting “R2-2001630”
“For NB-IoT UEs for which UE specific DRX cycle is applicable, in case T is lower than T/nB and the UE requires more repetitions than available during T (overlapping paging CSS), the UE may skip paging occasions and keep PF such that SFN mod Text = 0, where Text is the lowest DRX cycle value for which enough repetitions are available, among possible DRX cycle values. 
”


	Lenovo
	No
	The same view as Huawei, no further clarification is needed.

	Vodafone 
	Yes
	the specification needs to tightened given the realistic scnearios that could occur in practice 

	Ericsson
	Yes
	This depends on the intention. If RAN2 agrees that the UE behaviour already specified in 36.213 is also acceptable for this case, i.e., UE-specific DRX, there is no need for further clarification, otherwise we think a clarification is needed so that it would be possible for the network to page such UEs even when there may be a CSS overlap due to many repetitions when paging the UE.


Summary: TBC

Proposal: TBC
3 Conclusion
This offline discussion focused on the 2 FFS of UE specific DRX cycle in NB-IoT. 
TBC
4 References

[1] R2-2003669
Report of [Post109e#15][NBIOT] UE specific DRX DRX cycle values Sequans
�Irrelevant to this discussion.


�Check with RAN1 team.


�Irrelevant to this discussion.


�Don’t see why USS is being discussed.


�Agree with QC.


Moreover, this is not the point in this email discussion.





The point was to address the following FFS:


Will clarify UE behaviour in case of CSS overlap due to large repetitions needed to decode the NPDCCH for paging. FFS how.





�


1) This was already agreed in the case of paging overlap due to short DRX:





“Will clarify UE behaviour in case of CSS overlap due to large repetitions needed to decode the NPDCCH for paging. FFS how.”





2) The email discussion is not about clarifying CSS overlapping in general.


�Disagree with this question.


This is not addressing the FFS from the meeting. 
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