
3GPP TSG-RAN WG2 #110-e
R2-2006005
Online, June 1st – June 12th, 2020
Agenda item:
7.2.4
Source: 
Sequans Communications (email rapporteur)  
Title: 
Report of [Post109bis-e][944][NBIOT] CSS overlapping case for UE specific DRX (Sequans)
Document for:
Discussion and Decision
1. Introduction
During RAN2#109bis-e, UE specific DRX for NB-IoT was discussed. The following was agreed:

	Agreements:

· 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.




The highlighted FFS was discussed in [1], however no conclusion was drawn. Hence it was agreed to have the following email discussion: 
· [Post109bis-e][944][NBIOT] CSS overlapping case for UE specific DRX (Sequans)

      Scope: What and how to clarify regarding the CSS overlapping case for UE specific DRX

      Intended outcome: report to the next meeting

      Deadline: next meeting

In this document, we report the email discussion results and make corresponding proposals.
2. Discussion
We consider the use case where the UE would have a UE specific DRX (accepted following NAS negotiation) leading to constant overlapping of paging CSS in one cell, i.e. where “Paging Rmax > number of available subframes for NPDCCH paging repetitions between POs”. 
As discussed in [1], CSS/USS overlap (in the general case) is handled in 36.213. Such overlap may occur for various reasons (see e.g. [2] for scenarios), and it is not the goal of the email discussion to discuss the general case. In particular, it is already possible when DL gaps are configured that some paging CSS overlap, and this is handled in the specification. We only focus on the case above, in which there is a constant paging CSS overlap (meaning all paging CSS overlap). 
We consider the example UE specific DRX  T = 320ms while paging Rmax=512 subframes. 
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Figure 1 - Constant paging CSS overlap
Note that paging CSS length is equal to broadcasted paging Rmax, and is independent of the UE coverage state. Typically a UE in good coverage needs only to monitor paging candidates with a few subframes, which is indicated in red in above figure; nevertheless, there is constant paging CSS overlap for such UE.
There are 2 possible issues in this example:

1) A UE in extreme coverage, which would need 512 repetitions, can never accumulate the required 
number of repetitions hence would be unreachable

2) As discussed in [1], CSS overlap (in the general case) is handled in 36.213. Companies agreed with the following observation: “if CSS overlapping happens, the UE is not required to monitor any of NPDCCH candidates for all CSS.”. In above case, this would mean that the UE is not required to monitor paging at all, whatever its coverage level. Hence, even a UE in good coverage could be unreachable, while still being compliant to specifications.

We see following possible options for clarification.
A) Keep current behavior
A1 No change in specified behavior, i.e. UE is not required to monitor any of NPDCCH candidates for all CSS (consequence: UE may not be reachable at all).

Example CM note: 

In case of constant paging CSS overlap due to “Paging Rmax > number of available subframes for NPDCCH paging repetitions between POs", the UE follows procedures specified in 36.213.”
B) Alternatives where scenario “Paging Rmax > number of available subframes for NPDCCH paging repetitions between POs” is possible (main goal of these solutions is to allow short UE specific DRX in cells also supporting deep coverage)
B1 Add requirement/clarification that UE should still monitor (if needed) paging CSS candidates that do not overlap (so that only UEs in extreme coverage may not be reachable)
Example CM note: 
In case of paging CSS overlap due to “Paging Rmax > number of available subframes for NPDCCH paging repetitions between POs", the UE is still expected to monitor paging CSS candidates that do not overlap (as needed depending on current CE level).
B2 “PO skipping” whenever the UEs require more repetitions than available (on top of B1
, with the intent that all UEs would remain reachable)
Example 36.304 update:

For NB-IoT UEs for which UE specific DRX cycle is applicable, in case 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. ”
C) Alternative where scenario “Paging Rmax > number of available subframes for NPDCCH paging repetitions between POs” is not possible/should be avoided (those solutions may prevent/limit usage of UE specific DRX in cells supporting deep coverage)
C1 It is up to the NW to avoid the scenario (scenario is prevented by NW configuration) 
Example CM note:
“It is up to the network to ensure that there is no constant paging CSS overlap that would lead the UE to become unreachable (e.g. by disabling UE specific DRX in the cell supporting deep coverage)”.

C2 It is up to UE to avoid the scenario (scenario is prevented by UE request of a good “UE specific DRX” value) 

Example CM note:

“It is up to the UE to request UE specific DRX value such as there is no constant paging CSS overlap that would lead to a situation where UE becomes unreachable”.

C3 Implicit fallback to default cell specific DRX value or higher DRX value avoiding constant CSS overlap 
(as proposed in [1], interested companies might provide details)

Companies are requested to indicate their views on above solutions, as well as their preferred solution. Companies are welcome to add any other solutions. 
The provided clarification (CM note or specification update) is an example, it is expected to be finalized if there is agreement on a behavior. Companies may suggest alternatives proposals (also indicating whether CM note or specification CR would be required). 
Q1: Please indicate your views on proposed solutions (e.g. acceptable/not acceptable, pros/cons)
	Company
	Solution(s) - Views

	Sequans
	A1: We find it a bit strange that with some NW configurations, UE would be allowed to not monitor paging CSS at all (that never happens in legacy).

B1: makes more sense than A1.

B2: most optimized behaviour, but more complex

C1: similar to eMTC solution. However, the NW configuration restriction is much more severe than with eMTC.

C2: less restrictions than C2, but may increase UE signalling
C3: seems ok too, but need TP to be sure UE and NW are aligned

All solutions are acceptable to us.

	Ericsson
	Please see below in Q2 for our preferred solution and the related comments. We do not think A1, C3 and C2 look reasonable solutions.

	Nokia
	We can group the options as below :

Option 1(A1 and C1): when the number of NPDCCH repetitions exceeds DRX cycle. If network don’t disable the UE specific DRX cycle, UE will not be reachable will be the consequence.

Option 2(B2 and C3) :  UE switching to different DRX cycle to avoid the issue without explicit signalling  : Either UE skip the alternative PO OR uses the next higher DRX cycle than the negotiated DRX cycle.

Option3 (C2) : UE switches to new DRX cycle with explicit signalling Requires explicit signalling at NAS level. 

Option 4 (RAN1 specification changes) [B1] : UE is allowed to monitor PDCCH upto the repetitions before next PO.

A1/C1/C3: Not acceptable as it is equivalent to disable the UE specific DRX feature in cell which supports extended coverage. This will limit the benefit of the feature in scenarios where another important feature (coverage enhancement) is activated.

C2 is not acceptable as it requires explicit NAS signalling when the UE changes between cells having different R-MAX values for DRX switching.



	Huawei, HiSilicon
	A1: This is the same as in legacy with configuration of defaultPagingCycle: rf128 + npdcch-NumRepetitionPaging: 2048.
B1: This is not up to RAN2. Dropping only part of the SS is additional requirement for a UE, e.g. in legacy, only 2-HARQ UE can drop part of the SS. In addition, the NW will need to page the legacy UE and the UE specific DRX UE separately. This will have negative impact on the paging capacity and NW complexity.

B2: We think CSS overlap should be avoided by NW implementation. If extreme coverage enhancement is needed, the NW can disable the use of UE specific DRX. Based on above understanding, the outcome of this solution is the same as SIB indication, i.e. if the repetition number for CSS is large, the UE uses longer DRX cycle.
C1: Similarly to eMTC solution and also applies to legacy NB-IoT for the combination of defaultPagingCycle: rf128 + npdcch-NumRepetitionPaging: 2048. C1 can work in the existing system.

C2: We think this option is not feasible. When the UE applies UE specific DRX value, it has to consider the repetition number of paging CSS configured by the network. However, different cells may have different configuration and the UE can move.

C3: Same as B2, the outcome of this solution is the same as SIB indication, i.e. if the repetition number for CSS is large, the UE uses longer DRX cycle.
Based on above, A1 and C1 are acceptable to us as they are simple and can work in legacy. We do not see the need for other options.

	Vodafone 
	From the network perspective, we would prefer to reduce the processing load on the UE and therefore we would support a network-based solution. 
We would prefer C1 solution, however the issue of  “Paging Rmax > number of available subframes for NPDCCH paging repetitions between Pos” should be addressed as it adds addition unnecessary signaling load 

B2 could also work but it is unclear why the UE needs to skip the paging occasion? 

Solution A would not be acceptable. 

	Qualcomm
	With current specification it is not possible for a cell to support both short DRX cycles, such as 320ms, and deep coverage and a solution is needed. 
Proposal A is not acceptable.

Proposal B1/B2 has impact on legacy UE implementation hence not desirable.
This leaves options C1/C2/C3 which impact UEs support UE specific DRX.
Proposal C1 basically means cell is configured for deep coverage hence it doesn’t actually work for short DRX cycles.

Proposal C2/C3 can be considered as (a) it impacts UEs supporting UE specific DRX, (b) cells can support deep coverage while at the same time provide service to UEs using UE specific DRX while it is in good coverage.

	ZTE
	We think the following options are infeasible:

· Option A: Agree some above comments that A) is not acceptable in R16 if UE cannot be paged.
· Option B2: We think it’s difficult for UE to determine the start occasion and end occasion for NPDCCH monitoring. So this solution would be very complicated and not acceptable.

· Option C2: Agree with HW’s comments for this option. Although the UE can request of a good “UE specific DRX” value in cell with good coverage (e.g. with small Rmax for paging), this good “UE specific DRX” value may become unsuitable or even unavailable when the UE moves to a cell supporting deep coverage.
For other feasible options, we list them with acceptance level from high to low:

· Option C1: Considering that NB-IoT UE specific DRX with small value (e.g. rf32, rf 64) is beneficial for smaller paging latency only when the Rmax for paging is small (e.g. the Rmax is less than rf 256 or rf512), we suggest that NB-IoT UE specific DRX is activated only when the Rmax for paging is small. So we prefer C1. For example, if the npdcch-NumRepetitionPaging is set to a value larger than r256, the NB-IoT UE specific DRX would not be enabled.

· Option B1: Considering that C1 may restrict the use of UE specific DRX in the cell supporting deep coverage, we can also accept B1, but prefer a kind of B1 variant. E.g., smaller Rmax for paging can be automatically used for the UE with small NB-IoT UE specific DRX. For example, if the NB-IoT UE specific DRX is rf32, the Rmax for paging will use minimal value between (r256, npdcch-NumRepetitionPaging) for this UE. If the NB-IoT UE specific DRX is rf64, the Rmax for paging will use minimal value between (r512, npdcch-NumRepetitionPaging). 
· Option C3: This option is a bit acceptable as it can also avoid the CSS overlapping issue. But even this is the case, it gives no any gain for UE with small UE specific DRX value in the cell supporting deep coverage, and increase the UE complexity and have much impacts on specification. For B2 variant, we think it has similar intention as option C3 but may be a little better than C3. We have same acceptance level for B2 variant as C3.

	
	

	
	

	
	


Q2: Please indicate preferred solution(s), if any:
	Company
	Preferred solution
	Comments

	Sequans
	B2, then C1
	If configuration such as “UE specific DRX  T = 320ms while paging Rmax=512 subframes” can happen (meaning SIB indicates UE specific DRX is allowed while Rmax=512 and NAS accepted T=320ms), we prefer to handle it in an efficient way (B2).
Otherwise, it should not be allowed/expected, and we use a CM note to indicate this, as we did for eMTC (C1) (NW can use NAS, SIB, Rmax configurations to prevent it).
We think default is A1, i.e. if there is no RAN2 consensus on a better solution, than we should indicate that A1 is the correct understanding/behaviour. 

	Ericsson
	B2*
	This would mean that the UE should monitor (if needed) paging CSS candidates that overlap so that UEs in extreme coverage may also be reached when the cell is configured also for UEs with rather short DRX cycles. However, we do not think a UE in extreme coverage would need to skip its own POs since in practice this would mean that such UEs would be reachable, for example, in every other PO. In that case it would be better to have a DRX cycle twice in length. This can be avoided by proper network configuration.

	Nokia 
	B1 or B2


	B1is optimum UE behaviour to allow the UE specific DRX cycle in cell supporting higher coverage and also allow maximum coverage benefit possible without modifying the DRX cycle. But requires RAN1 specification changes.

If RAN1 changes for this specific scenario is not agreeable, B2 is better option for UE to handle the situation without violating the CSS overlap rule of RAN1.Here we think UE using next highest DRX cycle is prefered than PO skipping.

 

	Huawei, HiSilicon
	A1 and C1
	We do not think Chairman Notes for A1 is needed. A1 reflects the current RAN1 specification. Nothing needs to be clarified.

Chairman Notes for C1 is ok to us.

	Vodafone 
	C1 and B2
	C1 as it allows the Network to configure and B2 provided the paging occasion skipping issue is clarified 

	Qualcomm
	C2 or C3
	

	ZTE
	C1
	

	
	
	

	
	
	

	
	
	


3. Summary and Conclusion 
7 companies participated to the email discussion (company stating solutions X,Y,Z are acceptable is interpreted as other solutions are not acceptable, company stating solutions are unfeasible is interpreted as not acceptable).
A1: 
- Not acceptable for 4 companies (Nokia, QC, Vodafone, ZTE). Not reasonable for 1 company (Ericsson).

- Preferred by 1 company (Huawei)

B1:

- Not acceptable for 1 company (Huawei). Not desirable for 1 company (QC)

- Preferred by 1 company (Nokia) 

B2

- Not acceptable for 2 company (Huawei, ZTE). Not desirable for 1 company (QC)

- Preferred by 1 company (Sequans) 

- B2 variant (to be detailed/clarified) preferred by 3 companies (Ericsson, Nokia, Vodafone)

C1

- Not acceptable for 1 company (Nokia).

- Preferred by 4 companies (Huawei, Vodafone, ZTE, Sequans as a 2nd preference)

C2

- Not acceptable for 3 companies (Nokia, Huawei, ZTE). Not reasonable for 1 company (Ericsson).

- Preferred by 1 company (Qualcomm) 

C3

- Not acceptable for 2 companies (Nokia, Huawei). Not reasonable for 1 company (Ericsson).

- Preferred by 1 company (Qualcomm) 

Based on above results, it seems A1 would not be acceptable. So we propose to confirm this and work further on a solution.
Proposal 1: Confirm A1 is not acceptable, i.e. RAN2 intends to address the issue where an NB-IoT using short UE specific DRX might end up not monitoring paging at all because of constant CSS overlap.
It seems there are 2 main directions to address this:
1) C1 (up to NW configuration to avoid constant paging CSS overlap scenario). This is a similar solution as eMTC (clarification in CM notes). It might imply that a cell cannot support at the same time short UE specific DRX values and deep coverage.

2) B2 variants/C3: there seems to be support to have a solution which would allow a cell to support at the same time short UE specific DRX values and deep coverage. However, there is no consensus on such solution (more details and discussion is required).

Proposal 2: If C1 is acceptable for companies, agree on C1 (NW configuration restriction in CM note); otherwise try to work further on an agreeable solution based on B2 variants/C3.
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[Sequans – OM ]: Yes indeed, thanks
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[Sequans – OM ]: Yes indeed, thanks
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