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1. Introduction
During RAN2#104, the issue of paging configuration with fractional nB value was further discussed, and it was agreed to have the following email discussion: 

[104#48][eMTC R13] Paging configurations and fractional nB value (Sequans)

-
whether/how the formula works when nB is a fractional value

-
how the distribution for the POs is affected

-
how it can be assured that RAN1 principle “a UE not being configured with overlapping CSSs” is observed.


Intended outcome: Email discussion report to the next meeting 


Deadline:  Thursday 2019-02-07 

In this document, we report the email discussion results and make corresponding proposals.
2. Discussion
2.1. Fractional nB value (possible) issue
During RAN2#103bis, based on discussion of [1], RAN2 made the following agreements:

=> RAN2 acknowledges that there may be some configurations that would not work as intended and lead to ambiguous UE behaviour. RAN2 intends to address this issue and continue the discussion in the next meeting.

=> Default T and T/nB should be configured such that 1 =< nB
=> Further discussion is required for the UE specific DRX cycle
The main rationale is the following. In legacy, T/nB (when >=1) represents the PO periodicity in radio frames (across all paging groups). E.g. with nB=T/32, POs are on SFNs 0, 32, 64, etc. Extended nB values (T/64, T/128, …) were introduced to further space out POs (every 64 RFs, every 128 RFs etc) so that enough repetitions could be sent. However, this makes it possible to have fractional nB values as T might be such that nB<1 (which was not possible in legacy).
Assuming for instance T=32 and nB=T/64, the possible ambiguous UE behavior may arise as UE may expect PO spacing every 64 RFs (as per legacy understanding), or may apply formulas e.g. using mod with a fractional value.

During RAN2#104 online discussion, some companies indicated they do not see a problem with using fractional nB values. A company indicated that 36.201 gives guidelines on how mod operation works. Hence, we should first step back and reconsider previous agreements. 
Q1: Do companies confirm following RAN2#103bis agreements?

=> RAN2 acknowledges that there may be some configurations that would not work as intended and lead to ambiguous UE behaviour. 

=> Default T and T/nB should be configured such that 1 =< nB
	Company
	Yes/No
	Comments

	Sequans
	Yes
	We agree formula can be interpreted by using mod with a fractional nB (as already indicated in [1]), as for instance described in 36.201.

However:
- 36.201 is not in 36.304 references. If this interpretation is officialised, similar clarification might be needed in RAN2 spec (or reference to RAN1 spec).
- the case nB fractional is contrary to the initial intent of extending nB to space out POs. It was never discussed and has some unexpected consequences described in following questions. 
- we do not see a benefit to configure default T such that nB <1.

Hence we believe such configurations should be avoided, at least for default T, as agreed in RAN2#103bis.

	ZTE
	Yes
	We confirm RAN2#103bis agreements.

	Qualcomm
	Yes
	For eMTC, default T and T/nB should be configured such that nB >= 1 hence avoid paging occasions from overlapping.

	Intel
	Yes
	We think a smart eNB never configures default T and nB resulting fractional nB and a smart UE never requests a UE specific DRX cycle to MME that results in fractional nB (based on acquired system information).

	Ericsson
	Yes/No
	Even if the formula can be applied using a fractional nB, we agree that the distribution of POs may not be as originally intended in such case. A straight forward solution is to prevent a UE from proposing a value to the MME so that nB < 1, but it may not be so beneficial to introduce such limitation considering that some applications, e.g. voice, e-Health, may require short DRX cycles. One should consider that such devices may be camping in a cell where CE Mode B is supported. Note that these applications are less likely to run, if not at all, on devices in deep coverage.

	Huawei
	Yes
	There are indeed some configurations that lead to fractional nB. 

We think the invalid configuration can be avoided by UE when requesting the UE specific DRX cycle.

For eNB configuration, the default T and T/nB should be configured such that 1 =< nB.



	
	
	

	
	
	

	
	
	

	
	
	


Q1 summary:

- 5 companies (Sequans, ZTE, Qualcomm, Intel, Huawei) confirm the RAN2#103bis agreements.
- 1company (Ericsson) agree that the distribution of POs may not be as originally intended in such case, without confirming RAN2#103bis agreements.2 companies (Ericsson, Huawei) suggest solutions to avoid nB <1 in case of UE specific DRX cycle. This is captured in Q6.
Proposal 1: RAN2 to confirm RAN2#103bis agreements

=> RAN2 acknowledges that there may be some configurations that would not work as intended and lead to ambiguous UE behaviour. 

=> Default T and T/nB should be configured such that 1 =< nB
As discussed in RAN2#103bis, the case of fractional nB can be completely avoided for default T by NW configuration. In RAN2#104, the problem of UE specific T was further discussed, as UE specific T seems under UE control only. However, as some doubts about it were raised during last meeting (e.g. [5]), companies are welcome to clarify their view.

Q2: Do companies confirm fractional nB might happen with UE specific T?

	Company
	Yes/No
	Comments

	Sequans
	Yes
	The NW does not have control on UE specific DRX cycle.

	ZTE
	Yes
	The fractional nB might still happen with UE specific T, as the NW cannot know UE specific DRX cycle when it configures nB parameter.

	Qualcomm
	Yes
	(1) With UE specific DRX cycle nB can become < 1.

(2) There is no mechanism for network to override UE specific DRX cycle to ensure nB >= 1.

	Intel
	Yes
	This problem is mainly due to the use of UE specific DRX cycle and mobility to different eNB where different set of T and nB are broadcast that does not work with UE specific DRX. We think this is already a rare scenario.



	Ericsson
	Yes
	The network cannot impose any restriction on the UE-specific DRX cycle as specified in 23.401, it is required for the MME to accept the value proposed by the UE.

	Huawei
	
	As commented above, we think the invalid case of fractional nB should be avoided by UE when requesting the UE specific DRX cycle.



	
	
	

	
	
	

	
	
	

	
	
	


Q2 summary:

- 5 companies (Sequans, ZTE, Qualcomm, Intel, Ericsson) confirm fractional nB might happen with UE specific T
- 1 company (Huawei) thinks that the invalid case of fractional nB should be avoided by UE when requesting the UE specific DRX cycle
Proposal 2: RAN2 to confirm that NW cannot prevent fractional nB from happening with UE specific T

2.2. POs distribution

Q3: Assuming fractional nB=T/P is used (T<P), what is companies understanding on the corresponding PO distribution in time/frequency, do they see any possible issue? 
	Company
	Issue?
	Comments

	Sequans
	Yes
	As detailed in [1], the formula could be made to work yielding:
- In time:  SFN mod T= 0
- In frequency: PNB = floor(UE_ID*2 j) mod Nn, with j=1,2, or 3
In time, if extended nB (larger P) was used to space out POs, this is no longer the case from UE pov. It means that the UE may monitor unused POs – or that the NW may not realize the required spacing.

In frequency, UEs may concentrate on some PNBs. For instance, if 2 PNBs are configured, all UEs are on 1 PNB only.

	ZTE
	Yes
	Assuming fractional nB=T/P is used (T<P), in time domain, we understand it means there will have only one Paging Occasion in each cycle with length of (P/T)*T, then the issue is network and the UE may not know the exact location of PO. In frequency domain, we agree with Sequans that UEs may concentrate on some PNBs.

	Qualcomm
	Yes
	Don’t really understand this question given that fractional nB can lead to POs occurring too closely for worst coverage levels and/or uneven distribution of UEs amongst PNBs.

	Intel
	Yes
	We agree simple solution is to make the formula work for fractional nB as

UE_ID mod (fractional N) = 0 resulting SFN mod T= 0.

This can result only those affected UEs with this formula to concentrate on a PNB. However, we do not think the paging load distribution over PNB is issue here because this is a rare scenario for a UE and does not happen to most UEs. 

	Ericsson
	Yes
	Agree with the comment from Sequans in principle.

	Huawei
	
	We think the fractional nB is an invalid configuration.



	
	
	

	
	
	

	
	
	

	
	
	


Q3 summary:

- 5 companies (Sequans, ZTE, Qualcomm, Intel, Ericsson) see a possible issue with PO distribution in case of fractional nB

In frequency domain, companies agree this can lead UEs to concentrate on a PNB. Though, one company does not think the paging load distribution over PNB is issue here because this is a rare scenario for a UE and does not happen to most UEs.

In time domain, one company indicated that the UE may not know the exact location of PO. One company indicated that the UE may monitor unused POs.


- 1 company (Huawei) thinks that the fractional nB is an invalid configuration
Proposal 3: RAN2 to confirm that fractional nB may lead to PO distribution issue in time/frequency
2.3. Overlapping CSS

The extension of nB values was the RAN2 solution to space out POs and allow enough repetitions to be sent in all cases. If a UE uses e.g. UE specific T=32, the PO spacing will be 32 RFs (since SFN mod T= 0) even if the NW tries to space them further by setting e.g. nB=T/64.

Handling of search spaces (for BL/CE UEs) is described in 36.213 9.1.5. One can read “The BL/CE UE is not expected to be configured with overlapping MPDCCH search spaces.”, i.e. it appears that UE behaviour would be undefined.
Q4: Do companies agree with this understanding?

	Company
	Issue?
	Comments

	Sequans
	Yes
	It appears RAN2 extension of eNB cannot ensure paging CSS are not overlapping in all cases. 
In good coverage, where UE needs only a small number of repetitions, this might not be an issue.
In bad coverage, UE may need more repetitions than possible in its DRX cycle. One solution for the UE would be to configure a larger DRX cycle, however this requires a TAU. This boils down to perform signalling in IDLE at coverage level change, which was something RAN2 wanted to avoid. 

	ZTE
	No
	We are not very clear about the overlapping CSS issue as we understand in eMTC,  the needed duration for the largest repetition (256) would still be within the minimal UE specific DRX cycle (32 RFs). 

	Qualcomm
	
	For some UE specific DRX values, overlapping CSS cannot be always avoided by network. A UE based solution (which may also require network changes) is needed. This issue is more prevalent for CE Mode B where higher repetitions are needed.

	Intel
	No
	As we described earlier, before sending paging, eNB knows this issue would occur from paging assistance information from MME. So network would adjust the repetitions. But we agree the UE in CE mode B may suffer.

	Ericsson
	Yes
	If one can live with a limitation to avoid nB values smaller than 1 by restricting a UE to propose a value to the MME so that nB < 1, there is a solution. As an alternative the following options can also be considered:

-
 enable the UE to change the UE-specific DRX cycle based on the default DRX value broadcasted in the cell and its enhanced coverage level. However as Sequans mentioned in their reply above, this would mean that UE establishes a connection every time its CE level changes which was ruled out by RAN2 back then. This may be costly from UE power consumption stand point depending on the mobility characteristics of the UE. A compromise can be to do the TAU when the CE level is changed from a level in CE Mode A to a level in CE Mode B or vice versa, but not within CE Mode A or CE Mode B. This would still break the principle agreed earlier in RAN2 and may be costly from UE power consumption standpoint even though not to the extent of the alternative above. 
-
 let paging CSSs to overlap, i.e. if it happens that another paging message is to be transmitted in the next paging occasion whose CSS is overlapped, the network decides to cut the transmission for repetitions short or delay the transmission of the other paging message. One should of course make sure that POs calculated by the formula provided the same set of values for the UE and the NW to avoid any mismatches.

	Huawei
	
	We think the fractional nB is an invalid configuration.



	
	
	

	
	
	

	
	
	

	
	
	


Q4 summary:

- 3 companies (Sequans, Qualcomm, Ericsson) agree overlapping CSS might occur

- 1 company (ZTE) thinks overlapping CSS would not occur as the needed duration for the largest repetition (256) would still be within the minimal UE specific DRX cycle (32 RFs).
- 1 company (Intel) thinks overlapping CSS would not occur as before sending paging, eNB knows this issue would occur from paging assistance information from MME, so network would adjust the repetitions, but the UE in CE mode B may suffer
- 1 company (Huawei) thinks that the fractional nB is an invalid configuration
3 companies (Ericsson, Sequans, Intel) suggest solutions to mitigate overlapping CSS (captured in Q6).

Proposal 4: RAN2 to discuss further whether overlapping CSS is an issue
2.4. Way forward for UE specific T
In order to understand to which extent RAN2 shall handle this issue, it may be worth checking whether companies see benefits in keeping UE specific DRX feature for eMTC. As a reminder, this enables a UE to choose a DRX cycle lower than the default one advertised in the cell. The feature is no longer present in NB-IoT.

Q5: Do companies see a benefit with UE specific T for eMTC? 
	Company
	Yes/No
	Comments

	Sequans
	Yes
	The possibility to use a shorter UE specific  DRX cycle than the default cell specific DRX cycle seems important for eMTC because:
- the range of applications for eMTC is larger than just MTC typical applications. For instance, Cat-M based phones are considered. Generally, a cell supporting deep coverage will have to space out POs and correspondingly to set a larger default DRX cycle, to accommodate devices in deep coverage. However most of the devices might be in good/average conditions where they don’t need such large DRX cycle.


- there is also the case of normal UEs supporting CE. Typically such UE might already use a UE specific DRX cycle while in normal mode. It is not clear what would happen if UE specific T is not supported while in CE mode.


	ZTE
	Yes
	We think UE specific DRX cycle for eMTC is useful and may not cause issues in most cases. For some special cases, we can provide clarification (as comments for Q6) to avoid fractional nB.

	Qualcomm
	Yes
	The issue seems to be with combinations of DRX cycles shorter than 256ms and nB coefficient of 1/64, 1/128 and 1/256.  Therefore, a UE specific DRX cycle of 256ms does not have technical issue hence could be supported.

UEs in CE would be monitoring MCCH hence in such cases use of UE specific DRX cycle (if supported) can be limited to sub-set of UE specific DRX cycles supported in normal coverage (e.g. limit it to 256ms whenever it is in CE mode; in non-CE mode UE continues to use the actual UE specific signalled DRX cycle. eNB does the same (i.e. when paging on MCCH and UE specific DRX cycle is configured then assume it is 256ms).

	Intel
	Yes
	We agree with Sequans. We do not see the point of removing the current UE behaviour on UE specific DRX.

	Ericsson
	Yes
	As mentioned above in our reply to Q1; some applications such as voice, e-Health may require short DRX cycles. One should consider that such devices may be camping in a cell where CE Mode B is supported. Note that these applications are less likely to run, if not at all, on devices in deep coverage.

	Huawei
	Yes
	Agree with Sequans.



	
	
	

	
	
	

	
	
	

	
	
	


Q5 summary:

- All answering companies (Sequans, ZTE, Qualcomm, Intel, Ericsson, Huawei) confirm there is a benefit with UE specific T for eMTC

1 company (Qualcomm) indicates that UE specific DRX cycle of 256RF does not have technical issue, and suggests that for UE in CE, UE specific DRX cycle (if supported) can be limited to sub-set of UE specific DRX cycles supported in normal coverage (captured in Q6).
Proposal 5: RAN2 to confirm that UE specific DRX cycle is beneficial for eMTC
Q6: What are companies proposed way forward on this issue? 
	Company
	Comments

	Sequans
	We believe RAN2 should target to keep the possibility for eMTC UEs to use a UE specific DRX cycle, while also allowing CE. This should also avoid additional signalling (e.g. TAU) at coverage level change, since it was always a guideline in CE design to preserve UE power consumption.

In previous meeting, we proposed 2 options that may be discussed:

Option 1: The UE DRX cycle T is enforced to be always equal or larger than P (nB always >=1).
Paging CSS can never overlap.

Option 2: The UE DRX cycle T is allowed to be lower than P (nB might be <1)
The “useful part” of paging CSS does not overlap. 

Both could be feasible without additional signalling at CE level change.

For details, please see [2], [3] and [4].



	ZTE 
	We think Option 2 is complicated and not preferred.

With clarification that the UE DRX cycle T in Option 1 would be the “T” determined by the shortest of the UE specific DRX value and a default DRX value broadcast in system information, but not the actual UE specific DRX cycle, we think Option 1 is acceptable.
We also mention another Option 3 as following for consideration:

Option3: If nB <1, the T determined by the shortest of the UE specific DRX value and a default DRX value broadcast in system information is enforced to be equal to the default DRX.

	Qualcomm
	See our response to Q5.

	Intel
	The simplest solution (possibly same as option 2 above) is to just follow modulo operation i.e., UE_ID mod (fractional N) = 0 according to RAN1 spec 36.201 resulting SFN mod T= 0. Considering possibility of impact on the number of repetitions for UE in CE mode B, option 3 above (which seems same as option 1) can be considered.
i.e., if nB < 1, use default DRX (ignore UE specific).



	Ericsson
	Please see our comments in Q4.

	Huawei
	Currently, UE specific DRX cycle is configured by CN. Optionally, UE can indicate its preferred UE specific DRX cycle. We think the UE can take the broadcasted nB and possible UE specific DRX cycle into account when indicates its preference such that CN can configure an integer nB.

We think there is no need to do any change in the specifications. All above behaviours can be left to implementation.



	
	

	
	

	
	

	
	


Q6 summary:

The following suggestions were made by companies. The rapporteur has classified proposals (based on its own understanding) depending if the proposal aims mainly to avoid nB<1 (which is supposed to prevent any further issue, including CSS overlapping), or aims mainly to mitigate CSS overlapping,
Solutions related to avoiding nB<1:

Option 0: Restrict the UE to propose a value to the MME which leads to nB < 1.

Option 1: In case the existing calculation (T=min (UE specific T, default T) ) would lead to nB<1, T is set to “T/nB” (corresponding to the broadcasted codepoint: e.g. nB=T/64 ( T=64). nB is always >=1 (R2-1817339)
Option 3: In case the existing calculation (T=min (UE specific, default) ) would lead to nB<1, T is set to default T
Option 4: For UEs in CE, use of UE specific DRX cycle (if supported) can be limited to sub-set of UE specific DRX cycles supported in normal coverage (e.g. limit it to 256ms whenever it is in CE mode; in non-CE mode UE continues to use the actual UE specific signalled DRX cycle. eNB does the same (i.e. when paging on MCCH and UE specific DRX cycle is configured then assume it is 256ms).
Solutions related to mitigating CSS overlapping:

Option 2: The UE DRX cycle is set so that enough paging repetitions are available depending of UE coverage conditions. The “useful part” of paging CSS does not overlap. nB might be <1 (R2-1817343)

Option 5: The UE may request large enough DRX cycle depending of coverage (to accommodate enough repetitions), which might require TAU at CE level change

Option 6: Enable the UE to change the UE-specific DRX cycle based on the default DRX value broadcasted in the cell and its enhanced coverage level. A compromise can be to do the TAU when the CE level is changed from a level in CE Mode A to a level in CE Mode B or vice versa, but not within CE Mode A or CE Mode B. 
Option 7: Let paging CSSs to overlap, i.e. if it happens that another paging message is to be transmitted in the next paging occasion whose CSS is overlapped, the network decides to cut the transmission for repetitions short or delay the transmission of the other paging message. One should of course make sure that POs calculated by the formula provided the same set of values for the UE and the NW to avoid any mismatches.
Option 8: Before sending paging, eNB knows this issue would occur from paging assistance information from MME, so network would adjust the repetitions, but the UE in CE mode B may suffer. 
Based on companies feedback, it is proposed to discuss further a possible way forward.

Proposal 6: RAN2 to discuss further possible solutions, based on options proposed by companies. Other options are not precluded. 
3. Summary and Proposals 
6 companies participated to the email discussion (Sequans, ZTE, Qualcomm, Intel, Ericsson, Huawei).
Based on the views from companies during the email discussion, following proposals are made:
Proposal 1: RAN2 to confirm RAN2#103bis agreements

=> RAN2 acknowledges that there may be some configurations that would not work as intended and lead to ambiguous UE behaviour. 

=> Default T and T/nB should be configured such that 1 =< nB
Proposal 2: RAN2 to confirm that NW cannot prevent fractional nB from happening with UE specific T

Proposal 3: RAN2 to confirm that fractional nB may lead to PO distribution issue in time/frequency
Proposal 4: RAN2 to discuss further whether overlapping CSS is an issue
Proposal 5: RAN2 to confirm that UE specific DRX cycle is beneficial for eMTC
Proposal 6: RAN2 to discuss further solutions, based on options proposed by companies. Other options are not precluded. 
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