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Introduction
The following document covers responses to the offline discussion held at RAN2#107 based on the following issue. A summary and proposals for a way forward are attached in the final section.
R2-1908952	Handling Timers Started in the Middle of PDCCH Periods	NTT DOCOMO INC.	discussion
· Noted 
R2-1908953	Subframe Counting Scenario for R2-1908952	NTT DOCOMO INC.	discussion
· Noted

Discussion on above 2 papers
· Huawei think understanding 1 contradicts the earlier specification and introduces a new behaviour
· ZTE don’t think observation 2 is correct and have the understanding 2. 
· QC think there needs to be the same understanding between UE and NW or there could be an issue. Understanding 2 would be clearer as it is more deterministic.
· Intel have understanding 1. However NW can avoid the problem.
· Ericsson think the MAC spec it is clear when to start and end the timer, and it is anyway up to the NW configuration when the timer should be started. 
· Nokia has understanding 1 and think the OnDuration can’t be shifted as per the figure for understanding 2.
· Intel thinks the timer is not shifted in LTE or eMTC so are not sure why oit should be different for NB-IoT.
· Huawei thinks we can’t change Rel-13 or 14.
· QC wonders if there has been a real IoT issue to fix. 
· ZTE don’t think we should change something.
· Sequans think monitoring partial PDCCH is fine and this is determined by the offset.
· LGE think the spec should be clarified, and it is OK for Rel-15. 

Offline discussion #300 (DoCoMo) [CB] - check if a clarification needs to be made, and update CR if necessary.

[bookmark: _Ref178064866]Discussion
Question 1
Should a UE be expected to monitor a partial search space for PDCCH candidates?
	Company
	Response

	NTT DOCOMO, INC.
	Yes

	Nokia
	Yes. The definition of ON duration is given in terms of PDCCH periods. For calculating the ON duration, the PDCCH period is considered as distance between two successive PDCCH occasions. If the PP is 30 subframes (for example), then ON duration starts from start-offset and ends at subframe start-offset +N*30. Where N is on-duration in terms of PP.
This duration is fixed and it is clear as per definition.
Within this duration, UE is supposed to monitor N*max-repetition-NPDCCH subframes where NPDCCH is expected. So if there is partial search space where valid NPDCCH is expected UE should monitor the same as per current specification.

	ZTE
	No.
As mentioned in R2-1908952, we have the understanding that the nonzero drx-StartOffset results in a partial PDCCH period which is considered invalid for scheduling. Therefore, the network will not schedule PDCCH till the next PDCCH period which is fully aligned with k0, and expect the UE to begin monitoring from that point onwards. We think such understanding is aligned with the definition of PP in RAN1 spec. However, we don’t think onDurationTimer would also be postponed until the next k0. The start point of onDurationTimer is defined by MAC spec and it’s clear.

	Intel
	Yes, just follow what DRX timer says where UE needs to monitor the NPDCCH, see Q2.
A PDCCH occasion is the start of a search space and is defined by subframe k0 as specified in clause 16.6 of TS 36.213 [2] and PP is interval between PDCCH occasions. 
Simply it is possible drx-StartOffset << npdcch-NumRepetitions-r13 * npdcch-StartSF-USS-r13 and there could be sufficient number of repetitions to receive NPDCCH in a PP, simply first drx-StartOffset subframes will not have any NPDCCH scheduled but network may start scheduling NPDCCH after the drx-StartOffset subframes (still up to network whether to schedule or not in the remaining subframes).


	Sequans
	Yes, we see no problem monitoring a partial pp. the actual start is given per definition by:
drxStartOffset: Specifies the subframe where the DRX Cycle starts.
Jumping a complete pp because of the offset actually negates the offset intention, making it rather meaningless.

	Huawei, HiSilicon
	No. Our understanding is that the UE starts/stop monitoring only at the boundary of the USS/ CSS.
Note that there was a Note in MAC spec saying that the Actions related to DRX timers was taken at the next SS. NOTE:The BL UE or the UE in enhanced coverage or NB-IoT UE executes the next specified action in the subframe following  the last subframe of the configured MPDCCH or NPDCCH search space. Note that was later removed by CR 1001 without specifying something else.
We also had a similar discussion at RAN2#98 (email discussion 98#56) upon when the UE starts monitoring NPDDCH after a SS reconfiguration and it was agreed that the UE will not monitor partial NPDCCH. The reason was that RAN2 specification has no notion of NPDCCH candidates (partial search spaces) and that a NPDCCH occasion is the start of a search space.

 



	Fujitsu
	Yes,
Fujitsu agrees with understanding 1 in R2-1908952 and we agree that when a PDCCH Period is only partially monitored due to the drx-StartOffset, it is considered valid for scheduling and a UE is expected to monitor it. 
Our view is that we should count partial search space as a PP.


	Ericsson
	Yes. In our view the starting and ending points of the timer are clear in current specifications.
Within the timer duration, the UE shall in our understanding monitor for all NPDCCH candidates in the USS.



Question 2
For Understanding 1, where should the timer start?
a) k0
b) k0 + drx-StartOffset
	Company
	Response

	NTT DOCOMO, INC.
	Our understanding is a). Since the UE should not begin monitoring until drx-StartOffset, we don’t think it makes sense to start running the timer before this point. This is currently captured in Understanding 1 in our discussion paper.

	Nokia
	b). 

	ZTE
	b).

	Intel
	b) But not clear why K0 is needs to be taken into account. See formula in TS 36.321, the start of timer depends on the DRX cycle and drx-StartOffset.
Simply from the last clarification on the definition of PP in specification, the length of timer (3 PP) should include in total the 3* npdcch-NumRepetitions subframes regardless subframe is dropped. Therefore, PP is just a unit of the timer, it is not asking to skip whole PP but just the drx-StartOffset subframes.
See definition, it is just MAC parameter (independent of NPDCCH search space), and this should be honoured.
drxStartOffset: Specifies the subframe where the DRX Cycle starts.
-	If the Short DRX Cycle is used and [(SFN * 10) + subframe number] modulo (shortDRX-Cycle) = (drxStartOffset) modulo (shortDRX-Cycle); or
-	if the Long DRX Cycle is used and [(SFN * 10) + subframe number] modulo (longDRX-Cycle) = drxStartOffset:
-	if NB-IoT:
-	if there is at least one HARQ process for which neither HARQ RTT Timer nor UL HARQ RTT Timer is running, start onDurationTimer.


	Sequans
	b)
onDurationTimer: Specifies the number of consecutive PDCCH-subframe(s) at the beginning of a DRX Cycle
drxStartOffset: Specifies the subframe where the DRX Cycle starts
the formula
[10SFN+subframe number]mod()=drxStartOffset mod()
Will give k0 + drx-StartOffset

	Huawei, HiSilicon
	b)

	Fujitsu
	a)
We share the same view of understanding 1, where the length of the timer is measured from the intended starting k0.

	Ericsson
	b)


Question 3
For Understanding 1, where shoulde the timer end?
a) k0 + [length of the timer]
b) k0 + drx-StartOffset + [length of the timer]
	Company
	Response

	NTT DOCOMO, INC.
	Our understanding is a). The timer starts when configured, but the UE does not begin monitoring until drx-StartOffset. This is also currently captured in Understanding 1 in our discussion paper. Understanding b) causes the whole timer to be shifted, which we don’t think is the correct behaviour.

	Nokia
	b)

	ZTE
	b). 

	Intel
	b) As per the definition
drxStartOffset: Specifies the subframe where the DRX Cycle starts.


	Sequans
	b) since in question 2 we said the timer starts at k0 + drx-StartOffset and
The calculation of number of PDCCH-subframes for the timer configured in units of a PDCCH period is done by multiplying the number of PDCCH periods with npdcch-NumRepetitions(-RA) 
then
the end would be k0 + drx-StartOffset + [length of the timer]
where [length of the timer] is N*pp*reps


	Huawei, HiSilicon
	b)

	Fujitsu
	a)
As our view is that for question 2 a) is the correct behaviour, then we also believe that the whole timer is not shifted.

	Ericsson
	b)



Question 4
In case a partial search space is configured, should the UE and NW postpone the start of the timer until the following full search space? i.e. Understanding 2
	Company
	Response

	NTT DOCOMO, INC.
	No. It seems a bit strange that any non-zero value of drx-StartOffset would offset by an entire search space. Additionally, returning to our example in the discussion paper for a 3pp length timer, this behaviour would always cause 4pp to be expended because the first pp would be effectively thrown away.

	Nokia
	The timer should start at the given drx-start-offset.

	ZTE
	Same view as Nokia.

	Intel
	No, why do we need to change the definition in TS 36.321
drxStartOffset: Specifies the subframe where the DRX Cycle starts.
This defines where the ON duration timer starts.

	Sequans
	No
this negates the actual value of the offset

	Huawei, HiSilicon
	What does ‘partial search space is configured’ mean? We don’t think this concept exists in MAC specification. Only the concept of PDDCCH occasion which starts at the beginning of the SS.
The timer starts at the given drx-start-offset as per the MAC specification.

	Fujitsu
	No,
Same view as DoCoMo

	Ericsson
	No – the timer start is clear in MAC spec



Question 5
Since Rel-15 onwards seems to be agreeable, if we do decide to clarify, what should be the expected behaviour for Rel-13/14 UE?
	Company
	Response

	NTT DOCOMO, INC.
	If a clarification is to be made and we make it early implementable, then that should resolve the issue for all UE. Otherwise, if no clarification is made and we just capture something in the notes for Rel-15, then it is clear that there may be two different behaviours based on the Release number. It may be difficult to handle both behaviours with NW implementation.

	Nokia
	The current specification is clear on UE behaviour on monitoring the NPDCCH during ON-duration. As per this specification, the network may or may not use the partial search space for sending NPDCCH. But UE need to monitor these valid NPDCCH subframes also. If we want to optimise the UE monitoring of partial search space, it will require additional negotiation of this capability.

	ZTE
	We understand if strictly following the PP definition, both the UE and network would not use the partial search space for monitoring/sending NPDCCH. No clarification is needed.

	Intel
	Follow the DRX in TS 36.321.

	Sequans
	We see no need to change the actual text. 
However, since there are clearly differing views on the skipping a pp issue, we should at least have an official understanig in the chairman notes, or even better, a clarification/figure can be added in Annex C.

	Huawei, HiSilicon
	We agree with Nokia that the only issue is whether the UE monitors partial SS or not. If the eNB does not know the UE capability then DCI in that period may be lost. So we think it is difficult to make early implementable unless we have a capability in earlier release.

	Fujitsu
	We support that some clarification is made to avoid the potential of different behaviours in different releases.
As there does seem to be different views whether the UE is expected to monitor a partial search space for PDCCH candidates, then a clarification is required.

	Ericsson
	Agree with Nokia



Other
For any other concerns, please add them here.
	Company
	Comment

	Nokia
	The impact of misunderstanding on use of partial search space by UE and network needs to be evaluated to decide on whether clarification is required or not.

	ZTE
	Nokia’s summary is very helpful for better understanding the issue. We agree with the analysis. And based our feedback, it can be seen network already can avoid the problematic process, e.g., Scheduling on partial search space.

	Sequans
	We should at least arrive to a common understanding, and at the worst case starting release 15 to minimise interoperability issues.

	Huawei, HiSilicon
	We agree with Nokia and the below analysis.



Below table summarises the impact of different network and UE understanding on use of partial search space.
	Network behaviour
	UE behaviour
	Impacts

	Schedules on partial search space
	Monitor partial search space
	No issues

	Does not schedule on partial search space
	Montior partial search space
	Additional energy consumption on the partial search space, where nothing is scheduled.

	Schedules on partial search space
	Does not monitor the search space
	The DCI is lost. Loss of scheduled packets mainly for downlink. There could be some uplink impact also.

	Does not schedule on partial search space
	Does not monitor the partial search space
	No issues. 


Out of the above above combination, only one combination have more impacts (highlighted). If the UE and network behaviour falls under the remaining combinations, there is no impact or minimum impacts. And specification changes are not required.
Conclusion
A total of 8 companies participated in the offline discussion. In regards to the questions posed, responses were as follows:
Question 1: Should a UE be expected to monitor a partial search space for PDCCH candidates?
A majority of companies (6) thought that yes, a UE should be expected to monitor a partial search space for PDCCH candidates. Of the two companies that answered no, 1 company thought that the network considers partial search spaces invalid for scheduling, while 1 other company thought that the UE will only start/stop monitoring at the boundary of the USS/CSS.
Observation 1: A majority of companies think that the UE should be expected to monitor a partial search space for PDCCH candidates.
Question 2: For understanding 1, where should the timer start?
A majority of companies (6) thought that for understanding 1, the timer should start at k0 + drx-StartOffset, while 2 companies that it should start at k0.
Question 3: For understanding 1, where should the timer end?
A majority of companies (6) thought that for understanding 1, the timer should end at a time equal to k0 + drx-StartOffset + [length of the timer], while 2 companies thought that it should end at k0 + [length of the timer].
Observation 2: A majority of companies think that the timer start and end are offset by drx-StartOffset, resulting in a starting position of k0 + drx-StartOffset and an ending position of k0 + drx-StartOffset + [length of the timer].
Question 4: In case a partial search space is configured, should the UE and NW postpone the start of the timer until the following full search space? i.e. Understanding 2
A majority of companies (7) thought that the start of the timer should be not be postponed until the start of the following full search space (which begins at the following k0 after drx-StartOffset). 1 company did not provide a response. 
Observation 3: A majority of companies think that the start of the timer should be postponed until the start of the following full search space (which begins at the following k0 after drx-StartOffset).
Question 5: Since Rel-15 onwards seems to be agreeable, if we do decide to clarify, what should be the expected behaviour for Rel-13/14 UE?
3 companies agreed that if a clarification is pursued in order to optimize the UE monitoring of partial search space, than there will be work required to signal this capability. 3 companies noted that if a clarification in the spec is not to be pursued, then an official understanding should at least be taken in the chair notes once an understanding is reached. 2 companies thought that a clarification is not needed.
A clear majority was not reached on the decision to clarify or not.
Other concerns
1 company provided the following table as analysis on the issue, with a number of companies agreeing on its aspects. That same company noted that the most severe impacts are highlighted below in bold, while non-bold entries would suffer either no impact or minimum impact.
	Network behaviour
	UE behaviour
	Impacts

	Schedules on partial search space
	Monitor partial search space
	No issues

	Does not schedule on partial search space
	Montior partial search space
	Additional energy consumption on the partial search space, where nothing is scheduled.

	Schedules on partial search space
	Does not monitor the search space
	The DCI is lost. Loss of scheduled packets mainly for downlink. There could be some uplink impact also.

	Does not schedule on partial search space
	Does not monitor the partial search space
	No issues. 


Since companies have acknowledged that an issue can occur with impact on both the UE and NW, it is proposed that we take this to an email discussion in order to check further and come up with an agreeable solution for presentation at the next meeting. The table provided in 2.6 seemed agreeable in regards to summarizing the impact, and so it is proposed that we take that as a starting point for discussions going forwards.
Proposal 1: RAN2 to discuss the issue over email and present a solution or a common understanding to be captured at next meeting.
Proposal 2: The table provided in 2.6 is to be used as a starting point for continued discussions.
Conclusions and Proposals
The following observations and proposals are made based on the discussion above.
Observation 1: A majority of companies think that the UE should be expected to monitor a partial search space for PDCCH candidates.
Observation 2: A majority of companies think that the timer start and end are offset by drx-StartOffset, resulting in a starting position of k0 + drx-StartOffset and an ending position of k0 + drx-StartOffset + [length of the timer].
Observation 3: A majority of companies think that the start of the timer should be postponed until the start of the following full search space (which begins at the following k0 after drx-StartOffset).
[bookmark: _GoBack]
Proposal 1: RAN2 to discuss the issue over email and present a solution or a common understanding to be captured at next meeting.
Proposal 2: The table provided in 2.6 is to be used as a starting point for continued discussions.
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1 Introduction



This is the email discussion on [98#56][LTE/NB-IoT] LS from RAN1 on partial NPDCCH search spaces .


· [98#56][LTE/NB-IoT] LS from RAN1 on partial NPDCCH search spaces  (Huawei)


      Related to incoming LS from RAN1 in R2-1706138, discuss question from RAN1 based on the current RAN2 requirements. Attempt to send response to RAN1 and RAN before the RAN plenary so that potential company CRs may be considered in RAN if needed. If not possible to conclude in time to respond to RAN then the topic can be re-discussed at next RAN2.



      Intended outcome: Approved LS to RAN1/RAN



      Deadline:  Thursday 2017-05-31 



2 Discussion


RAN1 has sent a LS [1] requesting RAN2 to confirm the UE behaviour following a change in the NPDCCH search space and/or configuration based on the current RAN2 requirements.


			1. Overall Description: 


RAN1 discussed whether the UE is required to monitor partial candidates and partial search spaces when  there is a change in the NPDCCH search space and/or configuration.



RAN1 made the following conclusion:



· It is RAN1’s understanding that the UE is not required to monitor candidates that start before m+45 belonging to a new configuration (believed to be already captured in 36.331 s.11.2). 



There are different views in RAN1 as to whether the current specifications require a UE to monitor candidates which start at or after m+45 belonging to a new configuration in a search space that starts before m+45.


2. Actions to RAN2:


RAN1 respectfully requests RAN2 to provide confirmation of the required UE behaviour according to the RAN2 specifications.








Considering that the LS refers to 36.331 section 11.2, we understand that the reconfiguration is triggered by RRC signalling, i.e. RRCConnectionSetup, RRCConnectionResume, RRCConnectionReestablishment or RRCConnectionReconfiguration messages. 


In NB-IoT, we have agreed that, same as in LTE Rel-8, the UE applies the configuration as soon as it receives the reconfiguration message (i.e. no activation time to enable exact synchronisation between eNB and UE) and that the performance requirement in section 11.2 specifies the worst case delay, after reception of the message, that the UE must apply the configuration and be ready to send the complete message.


			The UE performance requirements for RRC procedures are specified in the following tables, by means of a value N:



N = the number of 1ms subframes from the end of reception of the E-UTRAN -> UE message on the UE physical layer up to when the UE shall be ready for the reception of uplink grant for the UE -> E-UTRAN response message with no access delay other than the TTI-alignment (e.g. excluding delays caused by scheduling, the random access procedure or physical layer synchronisation).


NOTE:
No processing delay requirements are specified for RN-specific procedures.
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Figure 11.2-1: Illustration of RRC procedure delay








Discussion point 1: Based on the processing delay requirements for RRC procedures specified in section 11.2, companies are invited to provide their view on when the UE is required to be able to receive the UL grant after the processing delay has passed:



· option a: immediately, i.e. from the first NPDCCH candidate starting after N subframes


· option b: after some physical layer alignment later than N subframes, e.g. from the start of the next NPDCCH search space 


Please justify the answer. 



Table 1. Company's view on Discussion Point 1


			Company


			Comments





			Huawei


			Option a. 



In our understanding, the delay includes all the time needed for the UE to be ready to receive the UL grant, e.g. synchronisation, timing alignment… The processing times have been specified with enough margins to avoid specifying any special cases.





			Qualcomm


			Option b.



In our understanding, 36.331 does not use the notion of NPDCCH search space or PDCCH candidate. The TTI-alignment part in the highlighted section above




with no access delay other than the TTI-alignment (e.g. excluding delays caused by scheduling, the random access procedure or physical layer synchronisation).



may be interpreted as waiting for the next search space to start. Since RAN1 made the following conclusion (included in the LS R2-1706138)



· It is RAN1’s understanding that the UE is not required to monitor candidates that start before m+45 belonging to a new configuration (believed to be already captured in 36.331 s.11.2)



and since 36.331 section 11.2 does not make a distinction between partial candidates and partial search spaces, it is our understanding that the same conclusion could be applied to partial search spaces. Furthermore, 36.321 refers to PDCCH occasion when defining PDCCH period and not PDCCH candidate and where it clearly says:



“A PDCCH occasion is the start of a search space and is defined by subframe k0 as specified in section 16.6 of [2]”



Therefore, in our understanding RAN2 specification only defines reception of PDCCH from the start of search space and not PDCCH candidate.





			ZTE


			Option b.



We basically agree with Qualcomm’s analysis.


We think 36.331/36.321 specifications have no explicit description on NPDCCH candidates(partial search spaces). And as Qualcomm said, the 36.321 refers to PDCCH occasion when defining PDCCH period and not PDCCH candidate. 


So we agree the highlighted section above:
with no access delay other than the TTI-alignment (e.g. excluding delays caused by scheduling, the random access procedure or physical layer synchronisation).


can be directly interpreted as waiting for the next search space to start.





			Intel


			Option b – we share the points explained by Qualcomm.





			Sony


			Option b.



We agree with Qualcomm and ZTE’s understanding of the current specifications. In addition, option a would cause rather more UE implementation complexity and would be pretty difficult to test. 





			


			





			


			





			


			





			


			





			


			





			


			








Discussion point 2: Considering that the partial PDCCH issue is the same for both NB-IoT and eMTC, no matter the preference of discussion point 1 is option A or option B, companies are invited to provide their view on whether the option should be the same for both NB-IoT and eMTC:



· Yes


· No, why? 



Please justify the answer. 



Table 2. Company's view on Discussion Point 2


			Company


			Comments





			Huawei


			Yes. We are not aware there is a technical difference between the two system on this point, and we understand that RAN1 discussions previously had pointed in the direction that they should be the same.





			Sony


			Yes, option b should apply to both NB-IOT and eMTC.





			


			





			


			





			


			





			


			





			


			





			


			





			


			





			


			








3 Summary 



4 References



[1] R2-1706138, LS on Monitoring of partial NPDCCH search spaces, RAN1


[2] 3GPP TS36.331, Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource Control
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1. Overall Description: 


RAN2 thanks RAN1 for the LS on Monitoring of partial NPDCCH search spaces.


RAN2 confirms that, based on RAN2 requirements, after a (re)configuration via RRC signalling, the UE is required to receive the UL grant from the start of a search space  after the processing delay has passed, i.e. the UE is required to monitor the NPDCCH from the first NPDCCH search space which starts at or after the 45ms processing delay. 


2. Actions


To RAN1 


ACTION: 
RAN2 respectfully asks RAN1 to take the above information into account. 


3. Date of Next TSG-RAN2 Meetings:



TSG RAN2 Meeting #99

21 - 25 August 2017

Berlin, Germany


TSG RAN2 Meeting #99bis
09 - 13 October 2017

Prague, Czech





