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Introduction
The offline discussion summarized in R2-1911578 was held to discuss an issue regarding when PDCCH monitoring is expected to start and end for timers started in the middle of a PDCCH Period. While most companies agreed on when the onDurationTimer should start and end with a nonzero DRX-startOffset, different understandings emerged regarding the monitoring, which became the impetus for the current email discussion.
For reference, the chair notes from the original paper and the offline discussion were as follows:
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. 
R2-1911578 Output of Offline #300	NTT DOCOMO INC.	discussion	Rel-15	NB_IOTenh2-Core
· Huawei thinks we should not keep changing the behaviour.
· Intel thinks we need to check the RAN1 behaviour
· Fujitsu clarify what is not clear is when the PDCCH monitoring starts. 
· Sequans thinks there is a difference between the intended behaviour and what is actually specified
Discussion
The following chart and analysis was provided by Nokia during the offline discussion held at RAN2#107 in Prague. Non-bold entries indicate either no or minimal impact, while bold entries indicate significant 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. 



Question 1: Do companies agree with the above assessment?
	Company Name
	Yes/No
	Comment

	NTT DOCOMO, INC.
	Yes
	

	ZTE
	Yes
	

	Fujitsu
	Yes
	

	Huawei, HiSilicon
	No
	We agree with the table itself.
We think that UE power consumption is as important as the loss of one DL transmission and will be impacted all the time in contrast to DCI loss that will be occasional.
We also think that none of the two aspects is critical, i.e. performance will be reduced but nothing is broken. 

	Ericsson
	Yes
	

	Intel
	Yes
	

	NEC
	Yes
	



Two understandings were proposed by the rapporteur during the offline discussion regarding the starting and ending points for the timer, however, a majority companies who participated in the discussion reached a different third understanding, illustrated below.
[image: ]
Figure 1: The two original understandings proposed by the rapporteur (1/2) and the understanding reached by companies at RAN2#107 (3)
Assuming that Understanding 3 is taken as the common understanding among companies, the last issue to be addressed is when the UE is expected to monitor PDCCH during this time.
Spec References
The current MAC specification [1] specifies that the UE shall monitor PDCCH during the Active Time: 
	-	during the Active Time, for a PDCCH-subframe, if the subframe is not required for uplink transmission for half-duplex FDD UE operation, and if the subframe is not a half-duplex guard subframe, as specified in TS 36.211 [7], and if the subframe is not part of a configured measurement gap and if the subframe is not part of a configured Sidelink Discovery Gap for Reception, and for NB-IoT if the subframe is not required for uplink transmission or downlink reception other than on PDCCH; or (Rapporteur: other conditions omitted for brevity)	Comment by Huawei: But there are also other exceptions where the UE does not monitor NPDCCH, e.g. between NPDCCH and NPDSCH when configured with one HARQ process. So we should not take this as an absolute statement.
	- monitor the PDCCH;
where the Active Time includes the time while:
	-	onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimer or drx-RetransmissionTimerShortTTI or drx-ULRetransmissionTimer or drx-ULRetransmissionTimerShortTTI or mac-ContentionResolutionTimer (as described in clause 5.1.5) is running; or (Rapporteur: other conditions omitted for brevity)
Additionally, a clarification to the definition of PDCCH periods was agreed in R2-1809094 [2], which is excerpted below.
PDCCH period (pp): Refers to the interval between the start of two consecutive PDCCH occasions and depends on the currently used PDCCH search space [2]. A PDCCH occasion is the start of a search space and is defined by subframe k0 as specified in section 16.6 of [2]. 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 when the UE uses the common search space or by npdcch-NumRepetitions when the UE uses the UE specific search space. When counting a timer whose length is calculated in PDCCH-subframes, the UE shall include PDCCH-subframes that will be dropped or not required to be monitored as specified in section 16.6 of TS 36.213 [2]. The calculation of number of subframes for the timer configured in units of a PDCCH period is done by multiplying the number of PDCCH periods with duration between two consecutive PDCCH occasions.	Comment by Huawei: We don’t think this is relevant to this discussion	Comment by Alan A. (DCM): Admittedly, while this mail discussion was focused on the monitoring period, since RAN2 may possibly clarify that the monitoring period is tied directly to the timer regardless of the starting subframe, we think that we should make sure that the agreements in this discussion do not contradict the previous one and vice versa.
Monitoring, Interpretation 1
If a strict following of the current specification is adhered to, then one option for the monitoring of PDCCH is to match the timer exactly, since this would be considered Active Time. This is illustrated below in Figure 2.
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Figure 2: Option 1, UE monitors PDCCH during the same period that the timer runs.
If it is understood among companies that the start of the search space is kept aligned with the original k0 specified for the UE, then this introduces the issue of a “partial search space” for PP#1. Assuming that SI is not transmitted in this PP, the UE may have less than the configured rMax number of PDCCH candidates available to monitor due to drx-StartOffset. Under the clarification made under R2-1809094, it is the rapporteur’s understanding that the UE would still count the unmonitored PDCCH-subframes due to the drx-StartOffset as if they were monitored.
Another partial search space would also be introduced for what would be PP#4. The behaviour for the number of subframes left between the end of PP#3 and the end of onDurationTimer is not currently clear from the specification. While on one hand this could be considered Active Time and the UE should monitor PDCCH, on the other hand the UE has already monitored for 3 PDCCH Periods and should not monitor further. The two expected behaviours appear to contradict each other, and so a clarification would be needed as for what the UE should do during this extra time. A further clarification may also be needed as to what the UE considers the boundaries of a PDCCH Period to be when an offset is configured.
Monitoring, Interpretation 2
Another option would be for the UE to stop monitoring at the end of the final configured PDCCH Period, as illustrated below in orange.
c[image: ]
Figure 3: Option 2, UE starts monitoring when the timer starts, but stops monitoring when the last PDCCH Period ends
Under Interpretation 2, PP#1 would still need to be taken into account under the clarification made in R2-1809094, but since the UE stops monitoring after 3 PDCCH Periods have passed, there is no issue about extra subframes that should or should not be monitored compared to Interpretation 1. However, since this would currently contradict what the UE should do during Active Time, a clarification would be needed to add an extra condition to exempt the UE from having to monitor the extra subframes between when the monitoring period has ended and when the timer finishes running.
Company Opinions
This presents the following options for when the UE should begin to monitor PDCCH:
	Option 1: k0
	Option 2: k0 + drx-StartOffset
Question 2: When do companies think that monitoring for PDCCH should begin? 
	Company Name
	Monitor Start
	Comment

	NTT DOCOMO, INC.
	Option 2
	The start of monitoring should match the start of the timer at k0 + drx-StartOffset.
We believe that the start of monitoring period should be fully aligned with the timer. That is to say, while the timer is running, the action in question should be executed (in this case, monitoring PDCCH).

	ZTE
	Option 2
	If most companies agree to further clarify PDCCH monitoring for this DRX case, we think it’s straightforward to use option 2 with the intention to keep consistence between timer running and PDCCH monitoring. It is a bit strange for option 1 as UE may monitor PDCCH earlier than start point of timer (here we assume k0 in rapporteur’s figure only means the start point of the first PP, not the start point of every PP).
We think a clarification for this option 2, as simple as possible may be needed in MAC specification.

	Nokia
	Option 2
	This option is clear from specification. 
If every company agrees to this option, part of this is already resolved.
Clarification is needed only if there is interpretation from UE vendor indicates that they don’t agree with this option.

	Fujitsu
	Option 2
	We also think this is clear from the specification, in that start of monitoring period should be fully aligned with the timer. It is important that all companies have the same view of the specifications on this point, If not then a clarification in the specification may be required.


	Huawei. HiSilicon
	Option 2
	We don’t think option 2 is clear now and it was highlighted at last meeting that there are different implementations today.  We agree with specifying option 2.

	Ericsson
	Option 2
	We think the starting point of the timer is clear in MAC specification. The UE should start monitoring for NPDCCH candidates when the timer is started. 
We wonder how this starting point could be interpreted in a different way based on the current specifications? 

	Intel
	Option 2
	It is clear just follow what 36.321 MAC DRX procedural text says on UE’s active time.
Here in the example that starting subframe of ON duration falls at (k0 + drx-StartOffset) subframe.

	NEC
	Option 2
	There is no ambiguity about when to start monitoring, which is aligned with DRX start timing.



This also presents the following options for when the UE should complete monitoring PDCCH:
Option 1: k0 + drx-StartOffset + [length of timer in pp]; monitoring ends when the timer ends (Interpretation 1)
Option 2: k0 + [length of timer in pp]; monitoring ends when the last PDCCH Period ends (Interpretation 2)
Question 3: When do companies think that monitoring for PDCCH should end?
	Company Name
	Monitor End
	Comment

	NTT DOCOMO, INC.
	Option 2
	If monitoring goes beyond this point like in Interpretation 1, then the number of subframes that the UE monitors may not match the number of subframes that it has been configured to monitor, i.e. for the example provided, 3 PP. 
If for example, Rmax=16, G=2, and drx-StartOffset=4, then under Option 2 the UE will have considered 16 PDCCH-subframes to have been monitored in PP#1, 16 more in PP#2, and further 16 in PP#3, for a grand total of 48 PDCCH-subframes as configured for 3pp. 
On the other hand, under Interpretation 1 using the same parameters, the UE would monitor between the end of PP#3 and the actual end of the timer, which is more than configured # of PPs to monitor.

	ZTE
	Option 1
	With Option 2 for Question 2, the start of PDCCH monitoring can be aligned with the start of onDurationTimer timer. The length of monitoring duration should also be same as the length of timer, e.g., 3PP. Therefore, we think option 1 is the right interpretation for end of PDCCH monitoring and no clarification in MAC spec for this option 1 is needed.
From RAN2 perspective, we only need to care about the start point and duration for monitoring. How many and which (valid) subframes for monitoring in this monitoring duration can be totally based on RAN1. As long as the RAN1 specification is followed, no matter how many PDCCH subframes in this duration are calculated, we do not see any issues.

	Nokia
	Option 1
	This interpretation is direct understanding from specification where the number of PP is considered to find the duration of ON duration not the actual number of PP being covered by the duration. As said for the above question if there is different interpretation indicated by UE vendor then clarification may be needed if the interpretation is justified.

	Fujitsu
	Option 2
	We think that it is important to follow that specifications and only expect the UE to monitor PDCCH subframes within the number of subframes that it has been configured to monitor, 3pp in this case.


	Huawei, HiSilicon
	Option 1
	With option 2, different UEs will have different monitoring time depending on the value of drx-StartOffset which does not seem right. 
Also, start and stop of monitoring should follow the same rule. 

	Ericsson
	Option 1
	The timer is calculated as subframes as clearly explained in the definition – otherwise agree with Nokia on the interpretation of the timer. UE should monitor for (full) NPDCCH candidates until the timer expires.

	Intel
	Option 1
	PP is just a time unit for counting. It is already clarified the timer counting is in number of subframe and duration of timer may be already set.
So as long as the ON duration timer is running, UE is in active time and is required to monitor the NPDCCH.

	NEC
	Option 1
	The counting of length of PDCCH monitoring shall start from the timing of PDCCH monitoring. 



Question 4: Depending on which option companies think that the UE should monitor PDCCH, the following clarification(s) would be needed. Do companies agree with the following?
	For Interpretation 1: A clarification would be needed as for what the UE should do during the extra time between the end of the final PDCCH Period and the end of the timer. A further clarification may also be needed as to what the UE considers the boundaries of a PDCCH Period to be when an offset is configured.
	For Interpretation 2: A clarification would be needed to add an extra condition to exempt the UE from having to monitor the extra subframes between when the monitoring period has ended and when the timer finishes running.
	Company Name
	Yes/No
	Comment

	NTT DOCOMO, INC.
	Yes
	We support Interpretation 2 for monitoring, and so the clarification above for Interpretation 2 would be needed.

	ZTE
	No
	With Option 2 for Question 2 and Option 1 for Question 3, we think the boundary or duration for both timer and PDCCH monitoring are all clear. No any additional clarification is needed.
As mentioned in Question 2, clarification for the option 2 in Question 2 may be the only needed change in MAC specification.

	Nokia
	No
	It depends on whether is different interpretations for the above questions among UE vendors.

	Fujitsu
	Yes
	As we also support that it would be good to clarify that the UE is not expected to monitor extra subframes after the timer has finished.


	Huawei, HiSilicon
	No
	If we agree on partial monitoring, then the monitoring starts and stops with the onDurationTimer. We need to clarify that partial monitoring is supported in this particular case. (note that we have agreed not to support partial monitoring in some other cases, e.g when sending RRCConnectionSetupComplete).
We could add a NOTE to clarify that the NPDCCH monitoring starts and stops at the same time as the onDuration Timer independent of the subframe position in the NPDDCH occasion.

	Ericsson
	No
	In our understanding the UE should monitor for NPDCCH candidates while the timer is running. 

	Intel
	No
	Complying with procedural text for DRX in 36.321, UE and network both clearly know those few subframe during the extra time between the end of the final PDCCH Period and the end of the timer are part of active time.
In case, it is larger than Rmax/R (see section 16.6 from TS 36.213), then PDCCH can be scheduled. Network may have configured UE to operate in repetition level 0.

	NEC
	No .. but
	Only as a compromise, we can accept to add a NOTE to confirm the interpretation 2.



If there is anything else that needs to be addressed, please add those comments below.
Other comments:
	Company Name
	Comment

	NTT DOCOMO, INC.
	In addition to onDurationTimer, the other timers that we found are defined in PDCCH Periods are as follows. Additionally, we include our thoughts on whether these would be impacted by the change or not:
· drx-InactivityTimer: no – starting of this timer falls under the clarification made in [3], and so the start is aligned with the next PDCCH Period.
· drx-RetransmissionTimer: no – starting of this timer falls under the clarification made in [3], and so the start is aligned with the next PDCCH Period.
· drx-ULRetransmissionTimer: no – starting of this timer falls under the clarification made in [3], and so the start is aligned with the next PDCCH Period.
· mac-ContentionResolutionTimer: yes – this timer is started when Msg3 is sent during CBRA, which may not necessarily be aligned with the boundary of a PDCCH Period. Starting of this timer also does not fall under the clarification made in [3], since its corresponding action is specified in MAC subclause 5.1.5 and not 5.7 which is the only subclause affected by [3]. An IOT issue may result because this timer directly affects the connectivity of a device under CBRA.
· periodicBSR-Timer: yes – this timer is started periodically to trigger BSRs, which may not necessarily align with the boundary of a PDCCH Period. This also is not a DRX-related timer, and so it falls outside of the scope of the clarification made in [3], which applies only to clause 5.7 in the MAC spec. However, since this timer does not directly affect the connectivity of a device, an IOT issue would not be caused.
· retxBSR-Timer: yes – this timer is started alongside periodicBSR-Timer. Similar to periodicBSR-Timer, it is outside of the scope of [3] and does not directly affect the connectivity of a device, and so an IOT issue would not be caused.

	ZTE
	In order for the eNB to know which UE can follow such enhancement of scheduling/monitoring in the partial PDCCH search space, a UE capability may be needed.
Similar to the usage of some dedicated configurations, in order to let UE and eNB have consistent understanding about when to apply monitoring on partial PDCCH search space, an enable indication may need to be introduced in a dedicated message. 

	Nokia
	The UE monitoring is already clear from the specification for this case. So no additional capability is needed here If the network does not intend to schedule in the partial search space, it can indicate via RRC signalling that UE need not monitor the partial search space. But the benefit on this energy saving for this additional signalling is not significant. So can be introduced in Rel-16 such enhancements if companies prefer such enhancements.

	Fujitsu
	It may be beneficial in terms of UE power saving to restrict the partial PDCCH monitoring, if all companies agree on this.


	Huawei, HiSilicon
	We don’t need to change the start/stop of any timer as the handling is very clear in the MAC spec. We only need to clarify the start/stop of NPDCCH monitoring in the case of onDuration timer as this is the only DRX timer not controlled by a NPDCCH/ NPDSCH/ NPUSCH transmission.
No capability is needed, this is connected mode and this can be made mandatory for all Rel-15 UEs.
For earlier release, the eNB, by configuration, can guarantee that the UE will always monitor at least one full NPDDCH search space.

	Nokia -Additional comments :
	One restriction which can be considered by UE for the partial search space monitoring is 
If the remaining valid NPDCCH subframes of the partial search space cannot accommodate valid NPDCCH candidate transmission of lower repetition possible within the search space, then UE can consider skipping the NPDCCH monitoring.
We assume above can be achieved by UE implementation itself without any specification changes. Because it is known fact that if the partial search space does not fit valid NPDCCH candidate ENB will not schedule anything. So UE can skip.

But if the remaining subframes of partial search space can fit valid NPDCCH transmission, then UE need to monitor as per current specification. 

· 

	Ericsson
	Agree with the additional Nokia comment – i.e. if in the partial search space a NPDCCH candidate can be sent, then UE should monitor such. If no candidates fit in these subframes, then no need to monitor.
However, we also think that eNB should generally configure offset in a way the timer and monitoring would start at the beginning of a search space (i.e. avoiding partial search spaces). There can be some configuration scenarios where partial search spaces cannot be avoided. 

	NEC
	The additional comment from Nokia makes sense. 
Then, related to Q4, we can accept the compromise to capture such behaviour as a NOTE.




Summary
In total, 8 companies provided their input on the issue in question. The following are observed and proposed based on the discussion above.
Observation 1: All 8 companies agreed with the assessment captured in the table made at RAN2#107. Differing understandings between the NW and UE may result in reduced performance for NB-IoT UE.
Observation 2: All 8 companies agreed that the UE should begin monitoring PDCCH at k0 + drx-StartOffset.
While a majority of companies agreed that this is already clear from the specification, a few companies thought that clarification may be needed. To minimize spec impact, the rapporteur proposes that we simply capture this understanding as a chairman’s note for visibility.
Proposal 1: RAN2 to capture in the chair notes that a UE should begin monitoring PDCCH at a point given by k0 + drx-StartOffset.
Regarding the ending of monitoring, the following emerged as a clear majority among companies who provided input. This stems from an understanding that the current specification implies that the length of the monitoring period should be aligned with the timer, and so companies think that the start and ending points should also be aligned.
Observation 3: A majority of companies agreed that the end of monitoring should be aligned with the ending point of onDuration-Timer. That is, the timer should run until a point given by k0 + drx-StartOffset + [length of timer in PDCCH periods].
However, since the way that counting up timers may be affected by this change, the rapporteur also proposes that we ensure that the previously related CR (R2-1809094) is not being contradicted by this change.
Proposal 2: RAN2 to discuss whether or not the current proposals contradict the counting agreed in R2-1809094, and if further clarification may be needed.
If companies agreed that there is no contradiction with the previous agreement, then the following is proposed.
Proposal 3: If there is no contradiction observed, then RAN2 to capture in the chair notes that UE should monitor PDCCH until onDurationTimer ends, at a point given by k0 + drx-StartOffset + [length of timer in PDCCH periods].
Several companies noted that Observation 3 is already clear from the spec, while a few others were open to adding a note in the specification to confirm the above understanding. For clarity in case this comes up again in future discussions, the rapporteur proposes that a note be captured using the wording proposed by Huawei and HiSilicon in Question 4.
Proposal 4: RAN2 to capture in the MAC specification a note to confirm the understandings made in Observations 2 and 3 about when monitoring should start and end.
A CR with proposed wording for the note can be found in [4].
Regarding any additional comments made during the discussion, the following are observed and proposed.
Observation 4: A number of NW vendors agreed that if the number of NPDCCH candidates for the configured repetition level cannot be sent within the remaining available NPDCCH subframes in the partial search space, then the eNB is not expected to schedule during this PDCCH Period. Change to eNB implementation may be required if this is not the current behaviour.
Observation 5: In the situation described in Observation 4, the UE is not expected to monitor the partial search space. Change to UE implementation may be required if this is not the current behaviour.
Proposal 5: RAN2 to capture in the chair notes the understanding made in Observation 4 for the NW side.
Proposal 6: RAN2 to capture in the chair notes the understanding made in Observation 5 for the UE side.
Lastly, if Proposals 5 and 6 are agreed, then the rapporteur proposes that we also formally capture that monitoring of partial search spaces in NB-IoT is supported from a RAN2 perspective.
Proposal 7: RAN2 to capture in the chair notes that monitoring of partial search spaces in NB-IoT is supported.
Observations and Proposals
The above observations and proposals are copied below for readability.
Observation 1: All 8 companies agreed with the assessment captured in the table made at RAN2#107. Differing understandings between the NW and UE may result in reduced performance for NB-IoT UE.
Observation 2: All 8 companies agreed that the UE should begin monitoring PDCCH at k0 + drx-StartOffset.
Observation 3: A majority of companies agreed that the end of monitoring should be aligned with the ending point of onDuration-Timer. That is, the timer should run until a point given by k0 + drx-StartOffset + [length of timer in PDCCH periods].
Observation 4: A number of NW vendors agreed that if the number of NPDCCH candidates for the configured repetition level cannot be sent within the remaining available NPDCCH subframes in the partial search space, then the eNB is not expected to schedule during this PDCCH Period. Change to eNB implementation may be required if this is not the current behaviour.
Observation 5: In the situation described in Observation 4, the UE is not expected to monitor the partial search space. Change to UE implementation may be required if this is not the current behaviour.

Proposal 1: RAN2 to capture in the chair notes that a UE should begin monitoring PDCCH at a point given by k0 + drx-StartOffset.
Proposal 2: RAN2 to discuss whether or not the current proposals contradict the counting agreed in R2-1809094, and if further clarification may be needed.
Proposal 3: If there is no contradiction observed, then RAN2 to capture in the chair notes that UE should monitor PDCCH until onDurationTimer ends, at a point given by k0 + drx-StartOffset + [length of timer in PDCCH periods].
Proposal 4: RAN2 to capture in the MAC specification a note to confirm the understandings made in Observations 2 and 3 about when monitoring should start and end.
Proposal 5: RAN2 to capture in the chair notes the understanding made in Observation 4 for the NW side.
Proposal 6: RAN2 to capture in the chair notes the understanding made in Observation 5 for the UE side.
Proposal 7: RAN2 to capture in the chair notes that monitoring of partial search spaces in NB-IoT is supported.
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