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1 Introduction

Rel-16 WID item on additional enhancements for NB-IoT was approved at RAN#80 and revised at RAN#81, RAN#82, RAN#83, RAN#84, RAN#85 and RAN#86 [1]. One new objective to improve latency by introducing UE specific DRX in NB-IoT was added at RAN#85:
Improved latency:

Specify support of UE specific DRX and consider expanding the current DRX range [RAN2, SA2, CT1]
In parallel, a LS [2] was sent to SA2 and CT1 to ask them to consider aligning their specifications accordingly.
SA2 has agreed to support UE specific DRX in both EPC and 5GC. For 5GC, a corresponding SA2 CR has been agreed in [3]. For EPC, two options were discussed in SA2 and a LS [4] was sent to RAN2/CT1/RAN3 to ask for feasibility and preference.
In the last RAN2#108 meeting, an email discussion was agreed to discuss the details on UE specific DRX in NB-IoT if SA2 agreed to support UE specific DRX:
· [108#98][NB-IoT] UE specific DRX (Huawei)

Scope: Pending LS from SA2, progress on the details. 


Intended outcome: Report, including text proposal for stage 3 if possible.


Deadline: 2020-02-06
2 Discussion
In this document, we propose to discuss RAN2 impacts of the two options for UE specific DRX in SA2 LS [4] in order to provide feedback to SA2 first. Additionally, we can try to discuss any other RAN2 potential issues and try to progress stage-3 aspects.
2.1 SA2 LS

2.1.1 UE specific DRX in EPC
To support UE specific DRX in EPC and avoid backward compatibility issue, two options have been discussed in SA2 and both options have been included in the LS to ask for feasibility and preference.

Option 1. UE specific DRX is common for all RAT types

In this option, the UE specific DRX value and value range are the same for WB-E-UTRA and NB-IoT. The procedure of this option is described in the LS as below:

	Option 1, based on the assumption that the UE specific DRX is common for all RAT types, i.e., the UE specific DRX value and value range are the same for WB-E-UTRA and NB-IoT. With this approach, in SA2’s understanding, there is no NAS impact, but the RAN related enhancement is needed as below:

· The UE requests UE specific DRX parameters during Attach/TAU procedure for both WB-EUTRA and NB-IoT. 

· The UE provides the UE Radio Paging Information to the eNB with a new indication to indicate whether the UE supports the UE specific DRX for NB-IoT or not. 

· Using the existing behavior the eNB uploads the UE Radio Capability for Paging Information with the new indication to the MME. The MME stores the received UE specific DRX parameter and UE Radio Capability for Paging Information in the MME context. When it needs to page, the MME provides the UE specific DRX parameter and UE Radio Capability for Paging Information to the eNB as part of the S1 paging message.

· The eNB determines whether the UE specific DRX parameter shall be used based on the indication within the UE Radio Capability for Paging Information. The eNB also broadcasts the supporting of UE specific DRX for NB-IoT in the SIB message.

· The UE determines whether the UE specific DRX parameter shall be used is based on the indication within the SIB message.


Option 2. UE specific DRX is RAT specific
In this option, the UE can report up to 2 UE specific DRX values to the MME, i.e. one value used for WB-EUTRA (which has already been supported by the current specification) and one value for NB-IoT. The procedure of this option is described in the LS as below:

	Option 2, based on the assumption that UE specific DRX is RAT specific. With this approach, in SA2’s understanding, there is impact on EPS NAS and RAN as below:

· UE can propose a DRX cycle length for use separately for WB-EUTRA and NB-IoT in different IEs. 

· The MME shall determine Accepted DRX parameters based on the received UE Specific DRX parameters and the MME should accept the UE requested values, but subject to operator policy the MME may change the UE requested values. 

· The MME shall respond to the UE with the Accepted DRX parameters separately for WB-EUTRA and NB-IoT.

· The UE determines whether the UE specific DRX parameter shall be used is based the negotiation and awareness of whether the camping cell supports UE specific DRX.


The impacts required by these two options are summarised as follows before discussion:
	
	Option 1
	Option 2

	NAS procedure impact
	1. One value common for NB-IoT and WB-EUTRA
	1. Separate values for NB-IoT and WB-EUTRA
2. New procedure for the MME to change the UE requested values

	RAN3 procedure impact
	No
	New IE for NB-IoT UE specific DRX cycle needs to be introduced in S1 paging message

	RAN2 procedure impact
	1. New AS UE capability in UE Radio Paging Information
2. SIB indication for the use of UE specific DRX
	1. SIB indication for the use of UE specific DRX


Discussion point 1. Companies are invited to provide views on above summary on the impacts required by the two options in SA2 LS:
	Company name
	Comments

	ZTE
	For option 1, we understand “One value common for NB-IoT and WB-EUTRA” is assumption and will cause no impact on NAS specification. But for RAN3, we notice the value range for Paging DRX is ENUMERATED(32, 64, 128, 256, …), which is not enough for NB-IoT and may need to be extended, e.g., with rf512 and rf1024. 

	Huawei, HiSilicon
	In general agree with the impacts of the two options. 

For Option 2, one additional impact on MME is that if 2 values are introduced, in case the new value is exchanged between two MME, there will be MME inter node backward compatibility issue, i.e. the target MME may not support the new value.

	Qualcomm
	Option 1:

1. 
UE can only report one value for UE specific DRX (in ms) from the set {320, 640, 1280, 2560}. But NB-IoT only supports the last two values from this set (i.e. 1280 and 2560). The current UE specific DRX IE in NAS is applicable for LTE and Option 1 also makes it applicable to NB-IoT as well. If a UE supports LTE and NB-IoT then if UE requests UE specific DRX cycle of 320ms for LTE then what does this mean for UE specific DRX value for NB-IoT?

2. 
The other NB-IoT DRX values (i.e. 5120 and 10240ms) can not be selected by UE as UE specific DRX values.

3. 
While solution 1 ‘avoids’ NAS changes, we do think MME changes are needed to take advantage of UE specific DRX (i.e. MME paging escalation strategy for NB-IoT should take into account UE specific DRX value, which would not be the case today). Therefore, how would MME know UE supports UE specific DRX for NB-IoT.
4. 
Distributes UE signalling for UE specific DRX in NB-IoT at two layers (i.e. at NAS to report the UE specific DRX value and at AS for UE capability for UE specific DRX). UE my decide to change it’s UE specific DRX preference (e.g. UE decides to stop using UE specific DRX for NB-IoT) then UE should signal both at NAS and AS layer? Furthermore, MME would have to obtain UE capability for UE specific DRX from RAN in order to determine if the NAS-reported UE specific DRX value should be taken into consideration in it’s paging repetition strategy. Therefore, RAN3 will be impacted.
5. Based on the above and as ZTE pointed out there would be impact on RAN3 and MME implementations.
Option 2:

1. 
UE specific DRX support remains at NAS and only signalling change needed at AS is for eNB indication that UE specific DRX in EPC is supported in the cell.

2. 
Any one of the NB-IoT DRX values can be selected by UE for UE specific DRX.

3. 
UE specific DRX values for NB-IoT and non-NB-IoT can be independently selected by multi-mode UEs. Actual NAS signalling changes will be up to CT1 to decide.


	Vodafone
	The NAS procedure impacts listed above are incorrect. The DRX ranges for WB-EUTRAN and NB-IoT are different. However, they can be encoded on the same 4 bits in the Attach/TAU Request messages and the value decoded according to the RAT that the UE sent the message across. In the Attach/TAU Accept message an extra bit can be added to indicate that the MME understood the NB-IoT request.

Both options 1 and 2 probably require some update to TS 36.304.

	Sequans
	We should let RAN3 decide on the final impacts on their side.
One point we raised in R2-1916235 is that in legacy, CN is aware of what DRX cycle is being used by the UE (CN knows about default paging cycle and UE specific DRX cycle).

By default, this behavior should be kept, unless there is discussion/agreement that it is no longer needed.
With Option 1 clearly it would not be the case (if nothing added).



	Ericsson
	Option 1
Whether there are NAS and/or RAN3 impacts is up to the corresponding WGs to discuss, and agree with replies from ZTE and QC regarding the available options for cycle lengths. E.g. possible reuse of existing IEs in NAS is for CT1 to discuss. Also agree that there might be MME/RAN3 changes needed to take full advantage of the feature e.g. in paging escalation strategy. 
Regarding indication in SI, it seems it should be per PLMN in order to support shared-RAN architectures. However, if some MMEs support the feature and some do not, this may lead to UE monitoring UE-specific DRX cycle where the support is not uniform UE <-> eNB <-> MME and may result in UE monitoring POs which CN would not use, i.e. UE may listen unnecessarily to POs.
Option 2
Exact NAS and/or RAN3 impacts are up to the corresponding WGs to discuss, but in general we agree with the evaluation. The NAS procedure can be similar as in NR between the UE and MME, hence there is no need for a completely new procedure.

In Option 2 it would be possible to use different sets of cycle length values e.g. like QC explains above – this is not directly possible in Option 1. 
Introducing new information in S1 paging message is needed only when separate values for NB-IoT are introduced. 

	SONY
	Option 1: Since a new Registration is needed when moving between WB-E-UTRA and NB-IoT, there is no need for a new UE capability in UE Radio Paging Information for NB-IoT in Option 1. If a UE specific DRX cycle is proposed by the UE in NB-IoT registration it is supposed the UE supports it. Option 1 can work in the same way as for WB-E-UTRA where the only RAN2 procedure impact is a new SIB indication in NB-IoT for the use of UE specific DRX.

Option 2: Do not understand why the NB-IoT UE Specific DRX cycle is configured when the UE is camping on WB-E-UTRAN? No need to configure them simultaneously.

	Mediatek
	Option 1: 
Same like ZTE’s comment, 5.12 s and 10.24s as DRX cycle length for NB-IoT is not support. 
Option 2:
Fully NB-IoT DRX value can be supported, at least 5.12s should be supported.
For this option, UE specific DRX can be different for RATs. This allows more flexible for future expansion. Any optimization for NB-IoT UE specific DRX like more DRX value would not affect LTE.

	
	

	
	


Based on the summary and Discussion point 1, companies are invited to provide views on the feasibility on the two options.

Discussion point 2. Companies are invited to provide their views on the feasibility of the two options in SA2 LS:
	Company name
	Feasibility
	Comments

	ZTE
	Option 1:

Option 2:
	Both of two options are feasible.

	Huawei, HiSilicon
	Option 1: Yes
Option 2: Yes
	From RAN2 point of view, both options are feasible, i.e. 

paging capability + SIB enabling for Option 1 and SIB enabling for Option 2

	Qualcomm
	Option 1: Feasible
Option 2: Feasible
	Both solutions are feasible. However, option 1 may look simpler at NAS while introducing complexity at AS and complexity in operation when UE switches between LTE/eMTC and NB-IoT. Option 1 also introduces restrictions in that the larger DRX values (5.12 and 10.24s) for NB-IoT cannot be selected by UE as UE specific value.

	Vodafone 
	Option 1:
Option 2:
	Option 1: This requires the base station where the UE attaches to support transmission of the UE Radio Paging Information to the MME. 

UE Specific DRX is for devices that want low latency paging. But Option 1 hides the use of a shorter DRX from the MME. The MME is likely to page first in the last used eNB; then repage in the adjacent eNBs; then the TA; then the whole TAI List. This retransmission sequence requires the MME to know the DRX that the UE is using – so hiding the UE’s actual DRX from the MME means that option 1 does not work.

Option 2 works. 



	Sequans
	Option 1: Feasible

Option 2: Feasible
	Both are feasible but are not complete solutions.

For both, some signalling is needed so that CN knows the DRX cycle used, as in legacy.

In both options, the SIB signalling allows to have the flexibility to enable/disable the feature at cell level, which can be useful as this feature is heavy in terms of scheduling constraints (the NW needs to “free” the POs, i.e. not schedule UEs in deep coverage across such POs for the feature to be useful). We think the SIB should indicate the “minimum specific DRX cycle supported” to address this issue.


	Ericsson
	Option 1: feasible (but suboptimal)
Option 2: feasible
	Option 1

In some cases, UE may listen to additional POs which may not be used if MME does not support the feature.

Option 2

In Option 2 the UE would be aware of whether MME and eNB support the feature, and MME would be aware of what UE is using, resulting in optimal use of POs and UE power consumption and reachability from CN point of view.
The standardization from NAS perspective should be straightforward as the solution is the same as in NR, to be confirmed by CT1. 


	SONY
	Both 
	Both are feasible. Option 1 is simpler since a new registration with a new request for a UE specific DRX, is anyway performed when moving between WB-E-UTRA and NB-IoT.

	Mediatek
	Both
	Both options are feasible. For option2, UE specific DRX becomes RAT specific, that not only allows more DRX values for NB-IoT for now and obviously allows more expansions in future.

	
	
	

	
	
	


Based on the Discussion points 1 and 2, companies are invited to indicate preference on the two options.

Discussion point 3. Companies are invited to indicate preference on the two options in SA2 LS:
	Company name
	Option
	Comments

	ZTE
	Option 2
	As both of two options are feasible and according to the following Discussion point 4, option2-like solution has been agreed for UE specific DRX for 5GC, we tend to prefer option2 for UE specific DRX for EPC.

	Huawei, HiSilicon
	Option 1
	Considering NAS impact and the impact on other working group, we think Option 1 is simpler than Option 2.

For Option 2, we do not see clear benefit. We think the UE specific DRX cycle reflects the latency requirement of the UE (or the service of the UE), it is not related to the RAT. Thus we do not see the need to introduce separate UE specific DRX cycle values for different RAT.

	Qualcomm
	Option 2
	Option 2 is cleaner both from signalling point of view and from operational point of view. Furthermore, option 2 keeps alignment between 5GC and EPC which simplifies UE implementation. The only AS difference between UE specific DRX in 5GC vs EPC would be the eNB indication that it supports UE specific DRX for EPC. 

CT1 can decide on the NAS signalling changes needed to support UE specific DRX and RAN2 can recommend that for NB-IoT the following set of UE specific DRX values should be supported: 1.28s, 2.56s, 5.12s 10.24s.

	Vodafone 
	Option 2
	

	Sequans
	Option 1
	Option 1 but with indication to CN (see R2-1916235) and  “minimum specific DRX cycle supported” as SIB indication, as well as proposals discussed below (mainly separate paging carriers)

	Ericsson
	Option 2
	Option 2 would provide more flexibility for different deployment scenarios and result in optional use of radio resources and UE power consumption. Also, we'd prefer a different set of UE-specific DRX values to be configured for NB-IoT which should be straightforward with Option 2.

Option 2 impact is similar to UE-specific DRX in NR, thus it is not a new solution. 

	SONY
	Option 1
	Does not need to have configured parameters for both the NB-IoT and WB-E-UTRA RAT in the UE Context as they are not used simultaneously. 

	Mediatek
	Option2
	Allowing more DRX values and future expansion.

	
	
	

	
	
	


2.1.2 UE specific DRX in 5GC
SA2 CR for UE specific DRX [3] has been agreed in SA2#135. The solution is the same as above Option 2 for EPC.

Please companies provide views on whether additional impacts are foreseen compared with Option 2 in Discussion point 1, i.e. only RAN2 impact to adapt UE specific solution for 5GC agreed by SA2 is SIB indication.
Discussion point 4. To support SA2 solution for UE specific in 5GC, is there any RAN2 impact?
	Company name
	Yes/No
	Comments

	ZTE
	No
	We haven’t foreseen additional impacts on RAN2. For RAN3, similarly, new IE for NB-IoT UE specific DRX cycle needs to be introduced in NG paging message.

	Huawei, HiSilicon
	No
	To support the agreed SA2 solution for UE specific DRX in 5GC, we think only SIB indication is needed.

	Qualcomm
	No
	For NB-IoT with 5GC, given there is no backward compatibility issue, it is sufficient to have UE specific DRX support mandatory from RAN, just as is the case for LTE. Therefore, we don’t see the need for any AS signalling changes for this expect to change procedural text to enable UE specific DRX for NB-IoT when UE is served by 5GC.

	Vodafone 
	Yes
	potentially TS 36.304


	Sequans
	Yes
	The other potential RAN2 impacts discussed below apply also for 5GC case.

	Ericsson
	No
	The referenced SA2 CR lacks details of the procedure

	SONY
	Yes
	TS 36.304 and TS 36.331 needs to be revised to allow UE specific DRX in NB-IoT, no need to change AS signalling.

	Mediatek
	No
	

	
	
	

	
	
	


2.2 Other potential RAN2 impacts
Apart from the above impacts that address backward compatibility issue and SA2 two options, there were other RAN2 issues raised in previous RAN2 meetings [5]:
Issue 1: Timely paging issue

Issue 2: Paging overlapping issue

Issue 3: Fractional nB value issue
In our understanding, most of above issues apply to both NB-IoT and eMTC, and some of them have been discussed in eMTC for UE specific DRX before. Thus, in the following discussion for each issue, in addition to comments for NB-IoT, companies are invited to indicate whether the issue is common for both NB-IoT and eMTC. If it is common and a solution is needed, please also indicate whether eMTC solution can be reused. 
Issue 1: Timely paging issue
In document [5], it was described that if bad coverage UEs are paged in one PO and a paging request for a UE using UE specific DRX value comes during the repetitions for NPDCCH/NPDSCH, the paging will be delayed as shown in the following figure:
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In legacy, similar issue exists. ., it is up to the network to handle. 
In case DL gaps are configured to handle UEs in bad coverage, paging DCI/message are scheduled outside the DL gaps for all UEs (whether in bad or good coverage):
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Discussion point 5. Companies are invited to provide their views on Issue 1:
· Is there is any issue about timely paging?

· If yes, whether it is common for both NB-IoT and eMTC?

· If yes, whether it is critical to be addressed?
· Solution, if needed
	Company name
	Comments

	ZTE
	We also understand this timely paging issue (e.g., the paging for UE-A with UE specific DRX is blocked by large repetition transmission for UE-B) is existing issue, not new one caused by UE specific DRX. Moreover, with UE specific DRX, it’s possible to alleviate paging delay instead of making it worse. We also think DL gap is workable (as mentioned by rapporteur, e.g., few DL transmission for UE-A can be inserted into DL gap). Even it may not solve the issue in all the cases, but at least can be useful in some cases, e.g., the number of UEs is small or eNB applies kind of scheduling strategy.
We have a little concern that after introducing UE specific DRX, in the above case UE-A monitors PO more frequently but in vain, that may cause unnecessary UE power consumption. However, since we think the case that UE-B has large repetition transmission and UE-A is also in bad coverage may be very rare, we don’t think this is big issue (especially compared with the benefits of introducing UE specific DRX in other cases).
This issue is common for both NB-IoT and eMTC. As it’s not critical, we don’t think additional solution is needed.

	Huawei, HiSilicon
	1. In case paging with large repetition is scheduled in previous PO, we agree that there may be paging latency if the paging request comes during the large repetitions.

2. The issue is common for eMTC. In eMTC, the maximum repetition number for PDCCH and PDSCH are 256 and 2048 respectively. One paging message can be transmitted for more than 2.3s, which is much larger than UE specific DRX. Thus, the issue exists in eMTC also. We think it is even worse in eMTC as UE specific DRX cannot be disabled by the eNB. As discussed in SA2 LS, SIB indication is needed in NB-IoT. Thus it is up to the eNB to decide whether to use UE specific DRX according to the deployment. For example, the eNB can enable UE specific DRX when large repetition number is not configured, i.e. for the case that coverage enhancement is not needed.

3. Not critical. We think the issue can be addressed by eNB implementation:

a. Disable UE specific DRX if extreme coverage needs to be supported

b. The issue only exists in case that UE under extreme coverage is paged. Thus any solution which can improve the paging capacity can reduce the probability for the case, e.g. using more non-anchor carriers for paging, etc.



	Qualcomm
	We assume in NB-IoT eNB configures the PCCH parameters such that maximum repetitions for one PO do not go beyond the next PO. This has been the understanding in RAN2. Note, in this case PO refers to the paging occasions from eNB perspective, not from UE perspective i.e. all paging occasions where eNB may page a UE.

In NB-IoT, the longest time (assuming no gaps in transmission of all repetitions for NPDCCH or for PDSCH subframes as depicted in the figure above) is around 22.533s (i.e. 2.048s for NPDCCH, 20.48s for PDSCH and 5sf for gap). NB-IoT has always been considered suitable for delay tolerant service hence delay, e.g. around 20s, in delivering a page to the UE using DRX was acceptable. This means UE specific DRX feature where UE specific DRX is smaller than cell specific DRX would not always be beneficial. If large paging repetitions are used frequently in a cell then benefit of shorter UE specific DRX will be very limited.

In contrast in eMTC the MPDCCH and PDSCH are transmitted almost in parallel (PDSCH delayed by 2 subframes compared to MPDCCH) and combined with significantly fewer repetitions the delay to deliver a page is significantly shorter than with NB-IoT.

	Vodafone
	On NB-IoT case  we agree with Qualcomm: to simplify the problem…if the UE Specific DRX cycle is shorter than the Cell’s DRX Cycle, then the feature will be ineffective or inefficient as the UE will wake up at more frequent intervals without receiving any Control or Data information, thus wasting battery life 

	Sequans
	-
Is there is any issue about timely paging?
Yes, since what is required is “improved latency” and we are in NB-IoT where power consumption is critical. In above case, not only we don’t reach the expect gain of latency, but the UE monitors additional POs for nothing, with on top of that false paging for each occurrence of PO that falls during NPDCCH repetitions for a different UE.
-
If yes, whether it is common for both NB-IoT and eMTC?
No. Agree with QC above, delays are completely different. Also, a main proof is that there was never any need to introduce DL scheduling gaps in eMTC, contrary to NB-IoT where that feature was introduced from the very first release (Rel-13).

DL scheduling gaps are exactly to reach timely UEs in good coverage.

However, if DL gaps are configured, they will not be used for paging, so they worsen the issue as “short DRX” UEs will be even more constrained to share more limited resources with UEs in bad coverage.
-
If yes, whether it is critical to be addressed?
Yes. If the feature is critical, this issue is critical. If we don’t handle it, the feature is half working; we don’t see the point to specify it.
-
Solution, if needed
1) Allow the “short DRX” UEs to be scheduled on separate paging carriers. Since capability are needed, this is very easy to support (see TP in R2-1916236)
AND/OR

2) In SIB, broadcast a “minimum supported DRX cycle” (instead of just activating/deactivating the feature) which allows more granularity in the trade-off between scheduling UEs in bad coverage and supporting UE specific DRX cycle efficiently (see R2-1916236)

	Ericsson
	The issue is not exactly the same for eMTC, where paging CSS shouldn't overlap between different paging occasions even with fractional nB values, see e.g. R2-1907898. For NB-IoT this cannot be guaranteed in the same way as brought up above. For both, it can be the case however that at least the actual paging transmission overlaps the next PO(s) and may delay possibility to page the UE.
We tend to agree with HW on the solution part, i.e. the issue is situational depending on the observed traffic can be mitigated through eNB configuration. 
The benefit of using shorter DRX cycles is situational. We understand the motivation to add this feature for NB-IoT was to enable more use cases, e.g. situations where power consumption (i.e. monitoring for additional POs with shorter cycles) may not be the most critical issue, but it would be beneficial if the UE reachability times are shorter. This would further mean such UEs are generally in relatively good coverage to avoid the discussed issues. 

	SONY
	There is an issue when many repetitions are used simultaneously with UEs with short DRX. 

This can be solved by the network as it can configure the allowed UE Specific DRX cycle based on the used number of repetitions in the NW.  

	Mediatek

	UE’s PO can be occupied by other UE’s long-time DL link reception due to bad coverage, this already existed in the current NB-IoT system. Like ZTE’s comments this issue is not caused by UE specific DRX.
UE specific DRX is for those UE that care about latency more, the DRX value shall be smaller than the cell specific DRX. So the UEs may have more chances to listen to the POs, so that may have more chance to find the available time between long repetition numbers. We understand that this issue exists, but UE specific DRX still can achieve its goal, which is to reduce the latency.
In the same time, the chance PO blocked by larger repetition number is also increased, lead to increasing power consumption. But more power consumption is already predictable for using UE specific DRX, this feature should be adapted by those UEs which are extremely sensitive to paging latency and not extremely sensitive to the power consumption. This is not a critical issue for those power riched customers.
Also there are solutions to relief the situation. A better eNB schedule strategy can be aware of the POs positions and try not let them be occupied by large repetition number. And of course like huawei’s comments, more non-anchor carriers will definitely help.
Furthermore, in Rel-17, maybe UEs with specific DRX can only listen to POs on one particular carrier on which large repetition number will not be scheduled. This situation , with or without  UE specific DRX, can be fundamentally improved.
 

	
	

	
	


Issue 2: Paging overlapping issue
The intention of UE specific DRX is to reduce the paging latency by using a DRX cycle smaller than the cell specific DRX cycle. In NB-IoT, PO overlapping may exist when the PO density is high (depending on the used nB and T). In legacy, for both NB-IoT and eMTC, PO overlapping is handled by eNB implementation when paging the UEs. Whether this issue needs to be addressed for the case of UE specific DRX can be discussed.
With all combinations of the used nB and T, the duration between two POs 
from NW point of view in NB-IoT, i.e. T/(N*Ns), are provided in the following table 1 for reference:

Table 1. Duration between two POs in NB-IoT (ms)
	
	4T
	2T
	T
	T/2
	T/4
	T/8
	T/16
	T/32
	T/64
	T/128
	T/256
	T/512
	T/1024

	32rf
	2.5
	5
	10
	20
	40
	80
	160
	320
	Note1
	Note1
	Note1
	Note1
	Note1

	64rf

	2.5
	5
	10
	20
	40

	80
	160
	320
	640
	Note1
	Note1
	Note1
	Note1

	128rf
	2.5
	5
	10
	20
	40
	80
	160
	320
	640
	1280
	Note1
	Note1
	Note1

	256rf
	2.5
	5
	10
	20
	40
	80
	160
	320
	640
	1280
	2560
	Note1
	Note1

	512rf
	2.5
	5
	10
	20
	40
	80
	160
	320
	640
	1280
	2560
	5120
	Note1

	1024rf
	2.5
	5
	10
	20
	40
	80
	160
	320
	640
	1280
	2560
	5120
	10240

	eMTC UE specific DRX values are assumed

The maximum repetition number of NPDCCH for paging is 2048

The maximum repetition number of NPDSCH for paging is 2048

	Note1: the combinations will lead to fractional nB value issue, which should be avoided. See discussion point 6.


Similarly, the duration between two POs from NW point of view in eMTC are provided in the following table 2 for reference:

Table 2. Duration between two POs in eMTC (ms)

	
	4T
	2T
	T
	T/2
	T/4
	T/8
	T/16
	T/32
	T/64
	T/128
	T/256

	32rf
	2.5
	5
	10
	20
	40
	80
	160
	320
	Note1
	Note1
	Note1

	64rf
	2.5
	5
	10
	20
	40
	80
	160
	320
	640
	Note1
	Note1

	128rf
	2.5
	5
	10
	20
	40
	80
	160
	320
	640
	1280
	Note1

	256rf
	2.5
	5
	10
	20
	40
	80
	160
	320
	640
	1280
	2560

	The maximum repetition number of MPDCCH for paging is 256
The maximum repetition number of MPDSCH for paging is 2048

	Note1: the combinations will lead to fractional nB value issue, which should be avoided. See discussion point 6.


Discussion point 6. Companies are invited to provide their views on Issue 2:
· Whether it is common for both NB-IoT and eMTC?

· Whether it is critical to be addressed?

· Solution, if needed

	Company name
	Comments

	ZTE
	We think this issue is similar as the above issue of timely paging. We have the similar comments for this issue.

	Huawei, HiSilicon
	1. The issue is common for both NB-IoT and eMTC. According to the tables, for both NB-IoT and eMTC, PO overlapping may exist for some certain combinations of nB, used T and configured repetition number.

2. We do not think it is critical issue. It can be avoided by eNB implementation as in legacy.

3. We do not see the need of specific solution for UE specific DRX.



	Qualcomm
	PO overlap for eMTC was considered an issue but no solution was agreed. For NB-IoT the overlap issue can be avoided with proper eNB configuration hence was not considered an issue.

With UE specific DRX the overlap issue will be deliberately introduced in NB-IoT. NB-IoT is far more power sensitive technology hence we don’t think anything that may unnecessarily increase UE power consumption should be introduced without justifying it’s benefit outweighs the disadvantage. Therefore, we don’t think the issue can be ignored for NB-IoT.

	Vodafone
	Agree with comments above. Furthermore, to use a simple analogy, if the Cell’s DRX cycle is like a master clock and wakes up at certain intervals, having NB-IoT devices wake up at shorter durations or intervals is a waste. For example, let’s use the T=1/4 which in this Table 1 corresponds to a wake-up cycle of 40 ms. Now if a UE requests a Specific DRX for itself of say 10 ms, then unnecessarily it will wake up at shorter durations without receiving any control or data! Which is wasteful, so again we fall back on the Cell’s Master cycle as the dominant parameter. 

	Sequans
	Same view as Qualcomm.

Note that RAN2 agreed on the issue but nothing was done mainly because of backward compatibility issues (UE/NW signalling would have been needed).

Now that the feature is introduced with NB-IoT and signalling is needed, we should do it properly.

We propose to consider the skipping PO mechanism detailed in R2-1904767.

	Ericsson
	PO overlap issue is not exactly the same – for CSS there shouldn't be overlap in eMTC but for paging message transmission there could be. 

See also reply to DP5. 

	SONY
	This issue is common for NB-IoT and eMTC and it is solved in the NW in eMTC. It is preferred to keep the same solution for NB-IoT, there is no need to have different solutions for the same problem. 

	Mediatek
	The issue is common for both NB-IoT and eMTC. 

eNB with a proper implementation can avoid this issue. This is not a critical issue and no need of further solutions. 

	
	

	
	


Issue 3: Fractional nB value issue
In NB-IoT, if the configured nB is smaller than T, it is possible that nB is not an integer value:
Table 3. Fractional nB value in NB-IoT

	
	T/2
	T/4
	T/8
	T/16
	T/32
	T/64
	T/128
	T/256
	T/512
	T/1024

	32rf
	16
	8
	4
	2
	1
	1/2
	1/4
	1/8
	1/16
	1/32

	64rf
	32
	16
	8
	4
	2
	1
	1/2
	1/4
	1/8
	1/16

	128rf
	64
	32
	16
	8
	4
	2
	1
	1/2
	1/4
	1/8

	256rf
	128
	64
	32
	16
	8
	4
	2
	1
	1/2
	1/4

	eMTC UE specific DRX values are assumed


The same issue has been discussed in eMTC, the relation between UE specific DRX value and nB are listed in the following table for reference. In eMTC, it has been agreed to leave fractional nB value issue to NW implementation, i.e. CN and eNB to provide proper configuration to avoid fractional nB value.
Table 4. Fractional nB value in eMTC

	
	T/2
	T/4
	T/8
	T/16
	T/32
	T/64
	T/128
	T/256

	32rf
	16
	8
	4
	2
	1
	1/2
	1/4
	1/8

	64rf
	32
	16
	8
	4
	2
	1
	1/2
	1/4

	128rf
	64
	32
	16
	8
	4
	2
	1
	1/2

	256rf
	128
	64
	32
	16
	8
	4
	2
	1


Discussion point 7. Companies are invited to provide their views on Issue 3:
· Whether it is common for both NB-IoT and eMTC?

· Whether it is critical to be addressed?

· Solution, if needed

	Company name
	Comments

	ZTE
	This issue is common for both NB-IoT and eMTC. According to previous discussion in eMTC, we think fractional nB still can be workable. So the issue is not critical and no additional solution is needed.

	Huawei, HiSilicon
	1. The issue is common for both NB-IoT and eMTC. According to the tables, for both NB-IoT and eMTC, fractional nB value issue may exist for some certain combinations of nB and used T.

2. We do not think it is critical issue. It can be avoided by NW implementation as agreed for eMTC.

3. We do not see the need of specific solution for UE specific DRX in NB-IoT.



	Qualcomm
	For eMTC the issue was not identified during development of Release 13/14. But after identifying the issue, RAN2 could not conclude on a solution.

For NB-IoT it is clear the issue will exist with UE specific DRX feature hence it would be negligent of RAN2 to not address the issue for NB-IoT. Therefore, if UE specific DRX for NB-IoT is agreed then the PO overlap issue should be addressed. If the same solution can be applied to eMTC then it is strongly recommended.

	Vodafone
	Agree with comments above, if UE specific DRX is essential then the issue of the Paging Occasion overlap, or collision should be addressed. One way to resolve this issue and not to waste NB-IoT device battery is to get the Cell (eNodeB)  to have the shortest DRX Cycle, so that it wakes up most frequently, and to allow UE/devices to have slightly longer Specific DRX cycles. With this approach all the UEs are given specific DRX cycles which are longer than the Cell/s Master DRX cycle and UEs wake up less frequently. See Figure 1 inserted below:
with this method, the overlap or collisions are avoided as UEs are given DRX cycles longer than the Cells DRX Cycle. 
However, this approach would require each UE requesting their own DRX Cycles. 


	Sequans
	Agree with Qualcomm.

Note that RAN2 agreed on the issue but nothing was done mainly because of backward compatibility issues (UE/NW signalling would have been needed).

Now that the feature is introduced with NB-IoT and signalling is needed, we should do it properly.

At the minimum, the paging carrier calculation shall be corrected so that short DRX UEs are correctly distributed according to specified weights (see e.g. R2-1904767and corresponding discussions). I.e. for short DRX UEs, N shall be calculated as max(min(T,nB),1)
If nothing is done, then if we configure 2 carriers, with equal weight, all UEs with short DRX will end up on the same paging carrier, contrary to the expectation.

	Ericsson
	Even for fractional nB, the CSS part in eMTC shouldn't overlap, so it is not exactly the same issue as brought up in earlier replies as well. 
Incorrect configurations should be avoided, we think this should be up to NW. 

	SONY
	This issue is common for NB-IoT and eMTC and it is solved in the NW in eMTC. It is preferred to keep the same solution for NB-IoT, there is no need to have different solutions for the same problem. 

Comment on Vodafones text, it is currently not possible to have a longer UE specific DRX cycle than the Cell specific DRX cycle, see 36.304 sect. 7.1

	Mediatek
	The issue is common for both NB-IoT and eMTC. 

eNB with a proper implementation can avoid this issue. This is not a critical issue and no need of further solutions.
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Figure 1 Cells DRX Cycle and UEs with their own specific DRX Cycles.
2.3 Other

Please indicate any other RAN2 aspects not covered in this document.
	Company name
	Comments

	Qualcomm
	Aim to keep UE specific feature for NB-IoT aligned with existing RATs and across systems (EPC/5GC). Different solutions only lead to UE complexity, especially testing which is highly undesirable for low cost RATs.

	Ericsson
	We also prefer to keep it similar across systems i.e. EPC/5GC. 

	
	

	
	

	
	

	
	

	
	

	
	


3 Summary 

8 companies participated the email discussion: ZTE, Huawei/HiSilicon, Qualcomm, Vodafone, Sequans, Ericsson, Sony and Mediatek.
Discussion on the SA2 LS
For EPC (Discussion points 1-3)
Discussion point 1 on the understanding of the two options in the SA2 LS
For both Options, several MME/NAS/S1 impacts not listed in the LS were mentioned by companies:

· For Option 1:

· S1 signaling impact to have separate value ranges for NB-IoT and WB-ETURAN, e.g. introduce 512 and 1024 for NB-IoT (5 companies: ZTE, QC, Ericsson, VDF, MTK)

· MME impact on paging strategy (2 companies: Qualcomm, Ericsson)

· For Option 2:

· MME/S1 impact on MME awareness (1 company: Sequans)

· How to negotiate the value between the UE and MME for NB-IoT (1 company: Vodafone)

· Backward compatibility issue if one MME does not understand the new values (1 company: Huawei)
2 companies think MME/NAS/S1 impact should be discussed in corresponding WGs.

For RAN2 impact:

5 companies think different value sets should be supported for UE specific DRX in NB-IoT and in WB-EUTRAN.

1 company thinks that for Option 1 the UE paging capability is not needed as new registration is needed for inter-RAT case.

1 company thinks that for Option 1 the SIB indication should be per PLMN.
The intention of Discussion point 1 was to ask companies to share their view on the options in SA2 LS. Thus no specific proposal is made for this discussion point.

However, based on the analysis of the impact of the two options and corresponding companies’ comments,   an indication in SIB is needed in both SA2 options. Thus, it is proposed to agree on a SIB indication to enable/disable the use of UE specific DRX for EPC.
Proposal 1. SIB indication is introduced to enable/disable the use of UE specific DRX for EPC.
Discussion point 2 on the feasibility of the two options in SA2 LS.
7 companies out of 8 think Option 1 is feasible. 1 company thinks it cannot work as the MME cannot know the paging cycle used by the UE.

All companies think Option 2 is feasible.

Based on the above, we think the reply LS to SA2 should indicate that both options are feasible from RAN2 point of view.
Proposal 2. Indicate in the Reply LS to SA2 that both options are feasible from RAN2 point of view.
Discussion point 3 on the preference of the two options in SA2 LS.
3 companies prefer Option 1, because:

· 1 company thinks there is no need to have separate value range for NB-IoT and WB-EUTRAN

· 1 company thinks there is no need to configure both values to the UE as only one can be used at the same time.

5 companies prefer Option 2, because:

· 4 companies think Option 2 can provide separate value sets for NB-IoT and WB-EUTRAN

· 3 companies think Option 2 keep alignment for EPC and 5GC.

We think that the value sets for NB-IoT and WB-EUTRAN is RAN2 issue but alignment between 5GC and EPC is not. Thus, we think RAN2 can indicate to SA2 that RAN2 has a preference for option 2 as it can support separate value ranges for NB-IoT and WB-EUTRAN and RAN2 need to discuss the value range for NB-IoT UE specific DRX cycle. 

Proposal 3. Indicate in the Reply LS to SA2 that RAN2 has a preference for Option 2 as it can support separate value ranges for NB-IoT and WB-EUTRAN.
Proposal 4. RAN2 to discuss the value range of NB-IoT UE specific DRX cycle.
For 5GC (Discussion point 4)
Discussion point 4 on additional RAN2 impact to support UE specific DRX in 5GC.
5 companies think there is no additional RAN2 impact to support UE specific DRX in 5GC.

2 companies think specification update is needed to allow UE specific DRX in NB-IoT, e.g. in 36.304, 36.331.
1 company think the discussion in section 2.2 also apply to 5GC.
For other potential RAN2 impact (Discussion points 5-7)
Discussion point 5 on timely paging issue and PO overlapping issue
4 companies think the issue is similar between NB-IoT and eMTC (1 company think not exactly the same, i.e. different for CSS but same for paging transmission). 
5 companies think the issue is not critical and can be addressed by NW implementation and configuration. No specific solution is needed.

3 companies think the issue is more critical in NB-IoT due to higher repetitions number. 

1 company proposes specific solutions (using separate paging carrier for short DRX cycle UE and/or broadcast minimum supported DRX cycle) for timely paging issue.

Proposal 5. It is up to eNB implementation to address timely paging issue for UE specific DRX in NB-IoT.

Discussion point 6 on PO overlapping issue


5 companies think the issue is similar between NB-IoT and eMTC (1 company think not exactly the same, i.e. different for CSS but same for paging transmission). They think the issue is not critical and can be addressed by NW implementation and configuration. No specific solution is needed.

3 companies think the issue cannot be ignored in NB-IoT as NB-IoT is power consumption sensitive 

1 company proposes specific solution (PO skipping mechanism) for PO overlapping issue.

Proposal 6. It is up to eNB implementation to address PO overlapping issue for UE specific DRX in NB-IoT.

Discussion point 7 on fractional nB value issue


7 companies think the issue is similar between NB-IoT and eMTC (1 company think not exactly the same, i.e. different for CSS but same for paging transmission). 

· 5 companies think the issue is not critical as in eMTC and should be avoided by NW configuration.

· 1 company thinks paging carrier calculation should be updated.

· 1 company thinks if there is any solution for NB-IoT, it should be applied to eMTC also.

Proposal 7. It is up to eNB implementation to address fractional nB value issue UE specific DRX in NB-IoT.

4 Conclusion
This email discussion focused on RAN2 impacts of the two options for UE specific DRX in SA2 LS [4] in order to provide feedback to SA2 first. Additionally, other RAN2 potential issues were discussed. The following proposals are made according to the summary.

According to the following guidance from RAN2 chair, the proposals are categorised based on the number of supporters.

To help treatment at R2 109e, for email discussion reports etc., please include Guidance information for the resulting proposals, i.e. whether a proposal is one of: 
A)  a potential easy agreement

B)  need further discussion

C) a candidate for immediate postpone, is contentious such that it is unlikely to converge at e-Meeting. 

Proposal 1. SIB indication is introduced to enable/disable the use of UE specific DRX for EPC. 

(A：No challenging, only one company wants to broadcast the minimum DRX cycle)

Proposal 2. Indicate in the Reply LS to SA2 that both options are feasible from RAN2 point of view.
(A: Almost all companies think both options are feasible)

Proposal 3. Indicate in the Reply LS to SA2 that RAN2 has a preference for Option 2 as it can support separate value ranges for NB-IoT and WB-EUTRAN.
Proposal 4. RAN2 to discuss the value range of NB-IoT UE specific DRX cycle.
(B: 5 out of 8 companies prefer Option 2 as it can support separate value ranges.)

Proposal 5. It is up to eNB implementation to address timely paging issue for UE specific DRX in NB-IoT.

Proposal 6. It is up to eNB implementation to address PO overlapping issue for UE specific DRX in NB-IoT.

Proposal 7. It is up to eNB implementation to address fractional nB value issue UE specific DRX in NB-IoT.

(B: 5 out of 8 companies think above issues are up to NW implementation)

Draft LS for Proposals 2 and 3 is provided in [8].
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�Sequans understanding, which was opposite to the one stated by the Rapporteur company.





Feel free to challenge it, it is rather important to have a common understanding in the context of this discussion.


�Is this duration between the end of transmission of one PO and start of transmission of next PO?


�Are you proposing to define DRX values of 320 and 640ms for NB-IoT UE specific DRX?


�Let’s use this case for comparison of the cell’s DRX Cycle
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