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1. Introduction
During RAN2#110-e, CSS overlapping case for UE specific DRX was discussed based on [3]. The following was agreed:

· Try to work offline on an update/variant of B2 to find a way acceptable to all, and if not possible then fallback to C1.

Hence it was agreed to have the following email discussion: 
· [AT110-e][315][NBIOT] CSS overlapping case for UE specific DRX
(Sequans)


Status: 


Scope: Try to work offline on an update/variant of B2 to find a way acceptable to all, and if not possible then fallback to C1.

Intended outcome: Report in R2-2005938

Deadline: Friday 1000 UTC
2. Discussion
The discussion input from [3] with current proposal details was copy-pasted in Annex for convenience.

We summarize as follows: we consider an example cell where deep coverage is supported, e.g. paging CSS Rmax=512 (maximum is 2048). With short UE specific DRX cycle T=320ms, there is constant CSS overlap.
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Figure 1 - Constant paging CSS overlap
From 36.213, in such case, “the UE is not required to monitor NPDCCH candidates of an NPDCCH search space” (as discussed in [1]), i.e. UE might not monitor paging at all.

C1 prevents this by NW configuration, i.e. above configuration would not be possible. For instance, the NW might deactivate UE specific DRX support in the cell.
B1 adds requirement/guideline for the UE to still monitor CSS candidates if not overlapping (e.g. the red CSS candidate above) so that UEs in good enough coverage would still behave properly. In current B1 wording, it is assumed that this could be handled at RAN2 level (RAN1 specification just says there is no requirement in that case, it does not say the UE shall not monitor those candidates). With B1, above scenario would work for UEs that need up to 256 repetitions.
B2 comes on top of B1, to handle UEs that would need more repetitions than available between POs. Such UE would “switch to next DRX cycle” by skipping POs. E.g. if 512 repetitions are needed, UE would skip every second PO which gives an “effective DRX cycle” of 640ms (note: “skipping PO” without changing DRX cycle T=320ms is mainly to not impact PF/paging carrier calculation which depends on T in 36.304).
Q1: Please detail alternative proposal(s) (including example CM note and/or example specification update)
	Company
	Proposal

	Qualcomm
	Legacy network has to configure paging parameters such that there is no CSS overlap otherwise it cannot expect any UE to receive paging. This makes it easy for operators to detect bad network configuration very quickly. The same philosophy should be maintained in networks support UE specific DRX. Therefore, new requirements should only apply to UEs using UE specific DRX that is different from the cell specific DRX.

Combining B1 and B2 i.e. if UE is unable to decode paging using limited CSS candidates then UE switches to longer DRX cycle will be difficult to implement. How would UE decide that it is the network not transmitting any NPDCCH (for paging) vs UE does not have enough repetitions to decode the NPDCCH? This will require RAN 4 to study and define requirements.
Because of the above and if the solution is to be kept within RAN2 then we think the only reliable option is option B2, i.e. if paging configuration leads to CSS overlap then UE supporting UE specific DRX selects the next DRX cycle that does not have CSS overlap. This way UEs supporting UE specific DRX in a cell configured for deep coverage can reliably receive paging but with longer DRX cycles. Various ways of defining this in TS 36.304 have been discussed before. This can be implemented in TS 36.304 so that the intent of following condition is meet:
“For NB-IoT UE using UE specific DRX the exact UE specific DRX to use in the cell be selected such that npdcch-NumRepetitionPaging (see TS 36.331) <= number of available subframes for NPDCCH paging repetitions between consecutive POs for the UE.”
Of course, the “number of available subframes for NPDCCH paging repetitions between consecutive POs for the UE” will need to take into consideration subframes use for WUS (if used in the cell)
If the above is not acceptable then option C1 should be agreed, To support this option we think the following can be added to description of ue-SpecificDRX-Allowed.
ue-SpecificDRX-Allowed

This field indicates if the NB-IoT UE is allowed to use UE specific DRX for paging in the cell. The network shall ensure pcch configuration does not lead to CSS overlap for UEs using UE specific DRX.


	Nokia 
	If the negotiated UE specific DRX cycle is greater than cell specific DRX cycle, the feature need not to be disabled. And for these UE there is no additional behaviour changes expected.

Proposal 1: For UE configured with UE specific DRX cycle greater than cell specific DRX cycles and legacy UE no changes expected in the idle mode paging monitoring.

Only the UE which are configured with UE specific DRX cycles shorter than cell specific DRX cycle and have the CSS length exceed the distance between PO, following modification in 36.304 allows the UE to use next DRX cycle which will ensure there is no CSS overlap.

Proposal 2: TP for 36.304 Section 7.1 for B2
T: DRX cycle of the UE. Except for NB-IoT, if a UE specific extended DRX value of 512 radio frames is configured by upper layers according to 7.3, T =512. Otherwise, T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information. 
If T is shorter than default DRX value broadcasted in system information and if the number of available DL subframes between PO is lesser than npdcch-NumRepetitionPaging for this T value , T is determined as next shortest UE specific DRX cycle than current value of T for which the number of available DL subframes between PO is greater than npdcch-NumRepetitionPaging.
With this option, use of UE specific DRX values shorter than cell specific is allowed. But the effective UE specific DRX cycle which the UE can use in the cell is determined by the maximum coverage support of the cell. If the value of CSS search space is high, effectively the UE need to use longer DRX cycle. And the shorter cycle is not applicable in this cell even if the UE is in good coverage.
Additional proposal for extending the benefits of UE specific DRX cycle for normal coverage UE 

Better solution for the problem would be to introduce new parameter npdcch-NumRepetitionPaging-short   to be used as CSS for UE using shorter UE specific DRX cycle. When the UE specific DRX cycle of the UE is shorter than the CSS configured for the cell, UE can use shorter CSS for paging. This value can be configurable per cell.
With this extension, UE in normal coverage can use the shorter DRX cycle by using shorter CSS. The UE is expected to negotiate for longer DRX cycle when it moves to extended coverage. This can be upto UE implementation.
Preference: If the above extension is not acceptable, we propose to consider the above TP for 36.304 as specification change for B2. 


	Sequans
	We are ok to consider following proposals:
1) Fallback to the lowest DRX cycle value for which there is no constant CSS overlap issue (similar proposal as from Nokia/QC).
If we understood correctly, it means that in the case of paging CSS Rmax=512 / short UE specific DRX cycle T=320ms, the value T used by the UE would be T=640ms.

That solution is better than e.g. deactivating UE specific DRX in the cell, which would result in using cell specific DRX which might be e.g. 5.12s or 10.24s.

(we don’t have strong view for TP: in our understanding QC/Nokia TP could be used as baseline if we agree with the intention).

2) Fallback to T/nB value.

RAN2 extended nB values so that there is no overlap between POs (across UEs).

It means that normally, a cell with Rmax=512sf would be configured with nB=T/64 (or T/128, …) such that POs (across all UEs) would be spaced out by 64RF (640ms).

With such assumption, the fallback is simplified by just adding this in 36.304 after the T calculation:

If the resulting T is lower than T/nB, then T is set to T/nB (64 in above example)

NOTE: T/nB is just the denominator of nB as defined in the RRC ASN1 codepoint, it is a fixed value.
Compared to 1), this proposal relies on the fact that nB is set to a “good” value, i.e. such as the denominator (spacing of POs across all UEs) corresponds to a value for which there is no CSS overlap – and not larger than cell DRX (such nB would lead to fractional nB for legacy UEs and this was considered as invalid nB config in previous RAN2 discussion). 
3) npdcch-NumRepetitionPaging-short  to be used as CSS for UE using shorter UE specific DRX cycle (similar to Nokia) 
This proposal has the added value that those UEs may as a result not be configured with DL gaps, since DL gaps are activated whenever paging CSS Rmax >=  threshold. It means less latency for paging. 



	Huawei, HiSilicon
	For B2:

We think B2 is not feasible. The available NPDCCH candidates between consecutive POs is not a fixed value. For example, if there are many SI transmitted between PO1 and PO2, available NPDCCH candidates between PO1 and PO2 may be less than the candidates between PO2 and PO3. In this case, which number of available NPDCCH candidates should be used by the UE to determine it used DRX cycle?

For C1:

We are fine with the wording suggested by Qualcomm.

	Ericsson
	For C1:
We agree with QC that the network should make sure that the number of repetitions required to decode a paging message (including scheduling) does not lead to CSS overlap for a UE using UE specific DRX cycle between consecutive POs for that UE. This would mean that the network has to come up with a configuration that balances between the shortest possible DRX cycle and the coverage level supported in the cell. Exact wording to capture such behaviour in the specifications can be discussed further.

For B2:

We agree with the principle that if paging configuration leads to CSS overlap a UE that supports UE specific DRX should select a DRX cycle which does not have CSS overlap between consecutive POs for that UE. This would mean UEs supporting UE specific DRX, when in deep coverage, should select rather longer DRX cycles in a cell where such coverage is supported. 
Considering that NB-IoT UEs in deep coverage are mostly expected to be “stationary”, signalling towards the CN, e.g., to update the selected DRX, would not be a needed once it is set. In case a UE in deep coverage, and therefore using a DRX cycle that avoids CSS overlap, moves to a better coverage, there should not be any issue. However, if it is the other way around, which is probably a rare case scenario, the UE should fall back to a DRX cycle which does not have CSS overlap between consecutive POs for that UE. In such case, it would be better if the UE informs the CN about the change rather than simply adopting a larger DRX cycle that prevents the CSS overlap. e.g., this may have an impact on the paging strategy. This would require signalling but considering that this is a rather rare scenario and paging configuration in RAN typically applies to all cells in a TA, it may be acceptable.
Regarding the concern brought up by Huawei in Q2; it is a valid concern however the assumption is that e.g. the worst possible case can be considered as a reference or similar configuration can be assumed in all cells in a TA which should mitigate the need to update the DRX cycle selected by the UE once it camps in a cell that belongs to a particular TA.


	
	

	
	

	
	

	
	

	
	


Q2: Please indicate your views on above proposal(s), if any:
	Company
	Proposal(s) / View(s)

	Huawei, HiSilicon
	As mentioned above, we think B2 is not feasible as it is based on the number of NPDCCH candidates between consecutive POs. However, this is a dynamic value.

Thus we prefer C1 as it is a simple solution. If companies think C1 restricts the use case of UE specific DRX, i.e. cannot be used if extreme coverage enhancement is supported in the cell, we prefer to consider a simple optimisation. If UE specific DRX is enabled in the cell, the eNB can broadcast a minimum UE specific DRX cycle (per cell). For a UE, if the UE specific DRX cycle is smaller than the broadcasted minimum value, the UE uses the broadcasted value.

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


3. Summary and Conclusion 
5 companies participated to the email discussion.
Proposed variants of B2 include the following:

· “For NB-IoT UE using UE specific DRX the exact UE specific DRX to use in the cell be selected such that npdcch-NumRepetitionPaging (see TS 36.331) <= number of available subframes for NPDCCH paging repetitions between consecutive POs for the UE.” (Qualcomm)

· “If T is shorter than default DRX value broadcasted in system information and if the number of available DL subframes between PO is lesser than npdcch-NumRepetitionPaging for this T value , T is determined as next shortest UE specific DRX cycle than current value of T for which the number of available DL subframes between PO is greater than npdcch-NumRepetitionPaging.” (Nokia)

However a concern was raised that “available NPDCCH candidates between consecutive POs is not a fixed value” – which we interpret as “number of available subframes for NPDCCH paging repetitions between consecutive POs for the UE” is not a fixed value (it depends of the considered POs due to e.g. SIBs, gaps, etc).

One company indicated that this concern is valid but could be fixed by e.g. considering the worst case.
Alternative proposal were made that does not have this issue: 

· If the UE specific DRX cycle is smaller than T/nB, then it is set to T/nB (Sequans) (assumes that T/nB is set to the “good value”, i.e. lowest DRX value without CSS overlap issue, 64RF in the example above).

· If the UE specific DRX cycle is smaller broadcasted minimum DRX value, then it is set to broadcasted minimum DRX value (Huawei) (eNB would additionally broadcast a minimum UE specific DRX value in the cell, e.g. 640ms in example above)

One additional proposal was made:

· Introduce new parameter npdcch-NumRepetitionPaging-short to be used as CSS for UE using shorter UE specific DRX cycle.
Regarding C1, if agreed, there is a suggestion to add the following text in ue-SpecificDRX-Allowed field description: “The network shall ensure pcch configuration does not lead to CSS overlap for UEs using UE specific DRX.”
Considering the above discussion, we would like to make the following proposals: 
Proposal 1: Discuss possible solutions 1) new parameter “broadcasted minimum UE specific DRX value” or 2) B2 variant with a fixed (deterministic) wording for “number of available subframes for NPDCCH paging repetitions between consecutive POs for the UE”
Proposal 2: If no agreement on P1, agree on C1, with following TP as baseline “The network shall ensure pcch configuration does not lead to CSS overlap for UEs using UE specific DRX” 
References
[1] R2-2004052, “Report of [AT109bis-e][315][NBIOT] UE specific DRX – FFSs”, Huawei
[2] R1-164404, “On NPDCCH Search Space”, Qualcomm Incorporated
[3] R2-2006005, “Report of [Post109bis-e][944][NBIOT] CSS overlapping case for UE specific DRX”, Sequans Communication 
Annex – Discussion input from [3]
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)

�Should this be required?





[Sequans – OM ]: Yes indeed, thanks


�Should this be B1?





[Sequans – OM ]: Yes indeed, thanks
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