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1 Introduction

In RAN2#101 meeting, RAN2 discussed the proper interpretation on DRX timers counting. As stated in the offline discussion report [2] in the meeting, it was foreseen that companies have different views on the interpretation of DRX timers counting for eMTC. With the assumption that we don’t correct Rel-13 specifications, RAN2 agreed to perform the following email discussion:
[101#51][LTE/MTC R13] DRX for MTC (DOCOMO)


Email discussion, next meeting (MTC R13) on DRX for MTC, arrive at an agreeable interpretation, and correction to the TS, if needed (NTT Docomo)


Intended outcome: Report to the next meeting. If needed, an agreeable CR 


Deadline:  Thursday 2018-03-29

In this email discussion, we clarify the each interpretation and analyze the impact when eNB and UE are implemented by different interpretation. Then, we discuss whether the clarification in the specification is needed. Given that RAN2 agree to clarify the intended DRX behavior, we also discuss text proposals for the specifications.
2 Discussion
2.1 Clarification of DRX timer counting
As we discussed in the previous RAN2 meeting, there could be the following two interpretations on DRX timer counting in BL UE, UE in CE (see [1-2] for details):
- Alt 1: count the number of consecutive subframes in which the MAC entity monitors PDCCH.
- Alt 2: count the number of consecutive subframes regardless whether the MAC entity monitors PDCCH.
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Figure 1: example scenario in eMTC
First of all, we analyse the problems when eNB and UE are implemented by different interpretation on DRX timer counting. Following two scenarios (case A and B) should be considered:
Case A) eNB is implemented according to Alt 1 and UE is implemented according to Alt 2

In this case, the “on duration interval” that the eNB expects becomes longer than the one that the UE expects. In Figure 1, for example, the eNB may transmit MPDCCH in subframe #8, #9, #0, and #1 while the UE does not monitor those subframes, i.e., MPDCCH transmission fails. If eNB continues to schedule MPDCCH in those subframes during the MPDCCH retransmissions, the MPDCCH retransmissons also fail and eNB may locally release the RRC connection of the UE after all.
Question 1-1: Do companies confirm the rapporteur’s understanding on the problem analysis in case A? Please provide any other issue if any.
	Company name
	Comments

	Qualcomm
	Yes; in this case there is serious interoperability issue.

	LG
	Agree with the rapporteur’s understanding.

	NTT DOCOMO, INC.
	Yes. There is IOT issue we should avoid. 

	ZTE
	Yes, this will cause MPDCCH scheduling failure, or even RRC release.

	Intel
	Yes, we agree with the rapporteur’s analysis.

	NEC
	Yes. Agree with the rapporteur’s understanding.

	Nordic
	Yes, agree that there’s an interoperability issue.

	Sequans
	Yes, there would be an IOT issue.

	Ericsson
	Yes

	Huawei, HiSilicon
	Yes


Case B) eNB is implemented according to Alt 2 and UE is implemented according to Alt 1

In this case, the “on duration interval” that the eNB expects becomes shorter than the one that the UE expects, which means that the UE may unnecessarily monitor the subframes in which the eNB never transmits the MPDCCH. This will cost more buttery consumption than Alt 2 UEs.
Question 1-2: Do companies confirm the rapporteur’s understanding on the problem analysis in case B? Please provide any other issue if any.
	Company name
	Comments

	Qualcomm
	Yes; in this case there is NO interoperability issue.

	LG
	Agree with the rapporteur’s understanding.

	NTT DOCOMO, INC.
	Yes.

We agree that there is no IOT issue in case B. However, there is performance issue that eNB has restriction on scheduling opportunity and there would be more battery consumption in Alt 1 UE than that in Alt 2 UE.

	ZTE
	Yes, this will cause extra UE power consumption. 

	Intel
	We agree with it.

	NEC
	Yes. Agree with the rapporteur’s understanding.

	Nordic
	Yes, agree that UE does unnecessary monitoring and thus UE consumes more power than with Alt 2.

	Sequans
	Yes. The issue is extra battery consumption for Alt1 UE, but no IOT issue.

	Ericsson
	Yes

	Huawei, HiSilicon
	Yes


Taking into account the above analysis is correct, we should discuss whether it is needed to clarify how the BL UE or the UE in CE counts DRX timers and how to clafiry it.
Question 2: Is it needed to clarify how the BL UE or the UE in CE counts DRX timers? If yes, from which release the clarification should be introduced?
	Company name
	Yes/No
	Release
	Comments

	Qualcomm
	Maybe helpful
	See comments
	We strongly think the meaning of PDCCH-subframe in Rel-13 should not be altered now, and we want to re-iterate that our understanding is Alt 2 (see Q3 for reason). But, given the length of this discussion, it is clear there are two interpretation.

Therefore, we are

· Ok to have the Alt 2 clarification but not ok to have Alt 1 only for Rel-13.

· Alternatively, ok to capture that both Alt 1 and Alt 2 are possible interpretations for Rel-13.

We note that based on the discussion in question 1-1 and 1-2, eNB assuming Alt2 has no backward compatibility or interoperability issue for both Alt1 and Alt2 UE implementations albiet some performance degradation; however if eNB assumes Alt1, there is serious interoperability issue for Alt2 UEs. So, we suggest to capture that at least for Rel-13, Alt 2 is assumed.

As for the Rel-14, we are open to further discussion and think that a single interpretation should be considered. So, we are ok to consider Alt 1 provided a valid reason for significant performance improvement is presented by proponents and network can ensure that legacy/Rel-13 UEs are not impacted.

	LG
	Yes
	Rel-14 and later
	

	NTT DOCOMO, INC
	Yes
	Rel-14
	As discussed in Question 1, if eNB and UE are implemented by different interpretation on DRX timer counting, there would be some problem (i.e., inter-operability issue or performance issue). So we think clarification is needed.

Taking into account that there are already some Rel-13 eMTC UEs in the field, it is not preferable to change Rel-13 specification. In this case, network should ensure that Rel-13 UEs are not impacted by parameter setting. In Figure 1, for example, the issues discussed in Question1 can be avoided if eNB configures onDurationTimer as psf4.

So we think that both Alt1 and Alt 2 are possible interpretations for Rel-13.
However, such a limitation in the parameter setting will limit the benefit of DRX feature, so we propose to make a clarification from Rel-14.



	ZTE
	Yes
	Rel-14 and later
	If some UEs or eNBs have already been implemented as Alt2, small G(e.g mpdcch-StartSF-UESS) may be configured to reduce the difference between sf and psf (e.g the problem may be avoided by configuration). 
But we think clarification in R14 and later is still needed to guarantee a single interpretation for the specification.

	Intel
	Yes
	Rel-14
	We are fine to clarify it from Rel-14. For Rel-13 eNB would have to configure parameters that have less impact to both UEs implemented with Alt1 and Alt2. 

	NEC
	Yes
	Rel-14
	Although we wanted to clarify this issue from Rel-13, it should be fine to clarify from Rel-14.

	Nordic
	Yes
	Rel-13
	We believe that Rel-13 interpretation is Alt 2. Since there seem to be differing intrepretatations a clarification could be added that Alt 2 is assumed. 
For Rel-14 and onwards it is possible to consider other alterinative but compatability with Rel-13 Alt 2 UE must be ensured.

	Sequans
	Yes
	(Rel-13)
Rel-14
	It is best to clarify to ensure efficient C-DRX operation.
For Rel-13, a common understanding might be captured in the chairman notes.

From Rel-14, it is best to clarify in the specification.

	Ericsson
	Yes
	Rel-14 and later
	A clarification is required considering the different interpretations and the interoperability issue. Ideally, it would have been better if the problem is addressed from Rel-13, but considering that such Rel-13 eMTC UEs implemented with different interpretations have been deployed, it can be acceptable to introduce the clarification from Rel-14. In Rel-13, the problem can be avoided by proper network configuration or implementation and this can be captured e.g. in Chairman’s meeting minutes. 

	Huawei, HiSilicon
	Yes
	Rel-13
	We think the current Rel-13 specification is fairly clear, and Alt.2. is specified. However it would be good to clarify this since there seems to be differing interpretations.


Question 3: How to clarify the DRX timer counting? (i.e., Alt 1 or Alt 2?) Please also provide the reason.
	Company name
	Alt 1 or 2?
	Comments

	Qualcomm
	Alt 2 for Rel-13. 

Alt 2 preferred but open to Alt 1 for Rel-14
	The existing spec clearly mentions “- For FDD serving cells, all subframes represent PDCCH-subframes. - For TDD serving cells, all downlink subframes and subframes including DwPTS of the TDD UL/DL configuration indicated by tdd-Config [8] of the cell represent PDCCH-subframes.” without noting any exception. Also, see answer to Q2.

	LG
	Alt 1
	From the specification point of view, in FDD, the current behavior is clearly Alt 2 in FDD for both UE and network because all subframes are defined as PDCCH-subframes according to 3.1 of TS 36.321. 

However, we agree that Alt 1 should be the intended behavior even in FDD for MTC UEs because there are MPDCCH Search Space without having PDCCH for MTC. Otherwise, the PDCCH scheduling opportunity reduces and unnecessary monitoring increases.

	NTT DOCOMO, INC.
	Alt 1
	Alt 1 is straightforward since the DRX timers should represent where the UE shall monitor PDCCH during DRX mode. 
In addition, from the perspective of parameter setting in eNB, Alt 1 is more flexible since the timer counts the scheduling opportunity. For example, if operator wants UE to monitor 8 consecutive PDCCH subframes during DRX mode, the operator just configures the onDurationTimer as “psf8” in Alt 1. In Alt 2, however, “psf12” should be configured while the value “psf12” is not defined in the RRC specification.

	ZTE
	Alt 1
	We think Alt2 cannot work for all the case.

Based on the description in 36.331, the unit of onDurationTimer is psf, e.g.,value psf1 corresponds to 1 PDCCH sub-frame, psf2 corresponds to 2 PDCCH sub-frames and so on. 

If the unit is changed from psf to sf, the value range of onDurationTimer maybe not enough. E.g even for the maximal value psf1600 of onDurationTimer-v1310, if psf is changed to sf, then the maximum value will be 1600sf, e.g., 1600ms, which is too small for the UEs with larger MPDCCH period(e.g mpdcch-NumRepetition=256 and mpdcch-StartSF-UESS=10). That means one PDCCH period will be larger than onDurationTimer, then the onDurationTimer will expire too easily to take effect. The issue is shown in the following figure:
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For Alt1, as the onDurationTimer is used for MPDCCH scheduling/monitoring, and MPDCCH scheduling is based on MPDCCH Period, and MPDCCH Period is defined based on MPDCCH subframe, we think it’s straightforward to use psf as the unit of onDurationTimer.

We also think the current MPDCCH-subframe definition does not taken into account the existence of eMTC PDCCH gap and invalid subframe. We think Alt1 can give clarification.

	Intel
	Alt1
	It is clear that in the example in figure 1, subframe 4, 5, 6 and 7 are not PDCCH subframe for BL UEs or the UEs in CE because the UE knows from the calculation that there will be no UE specific PDCCH search space in those subframes.

We also think the Alt 2 limits the configuration as some DRX setting and MPDCCH USS settings may result in no PDCCH subframe for BL UE or UE in CE as shown in Figure 2. 
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                 Figure 2

	NEC
	Alt 1
	From the UE point of view, the MPDCCH monitoring period is aligned with the MPDCCH configuration (e.g., valid subframe). Also, from the network point of view, this make the configuration much simpler.

	Nordic
	Alt 2
	We think the existing text should be clear. For additional clarifications see Q2.

	Sequans
	Alt1
	Agree with previous comments that Alt1 should be the intended behaviour. 

Regarding existing text, for PDCCH subframe definition we have both

- “Refers to a subframe with PDCCH”
- “(for FDD) this represents any subframe;” 

In our view the sensible interpretation should have been “Refers to a subframe with PDCCH” i.e. Alt1.

We don’t think the existing text “clearly indicates Alt2” as indicated by some companies.

	Ericsson
	Alt 1
	In our opinion, Alt1 is the intended behavior and the current definition of PDCCH subframes, as provided in the Annex, was simply forgotten to be updated or overlooked. Note that in Rel-13,RAN2 considered PDCCH as an umbrella term to specifty the behavior also when  MPDCCH is used.

	Huawei, HiSilicon
	Alt.2 
	Currently Rel-13 spcifies Alt.2 and don’t see much benefit in changing that. 


2.2 Discussion on how to clarify the DRX timer counting
Given that RAN2 will make some clarification on DRX timer counting, we should discuss how to clarify the appropriate interpretation in the specification. The baseline of the text proposals for Alt 1 and Alt 2 are presented in Annex 1 and Annex 2, respectively.
Question 4-1: Please provide companies’ view on the text proposals for Alt 1.
	Company name
	Comments

	Qualcomm
	While we support Alt2, if Alt1 is agreed for Rel-14, following should be added for clarity (as there are some exceptions in the list already and some are proposed to be added):
- For FDD serving cells, all subframes represent PDCCH-subframes, except as described in the following bullets.

-
For TDD serving cells, all downlink subframes and subframes including DwPTS of the TDD UL/DL configuration indicated by tdd-Config [8] of the cell represent PDCCH-subframes, except as described in the following bullets.



	LG
	Another way is provided below:
PDCCH-subframe: Refers to a subframe with PDCCH. This represents the union over PDCCH-subframes for all serving cells excluding cells configured with cross carrier scheduling for both uplink and downlink [8]; except if the UE is not capable of simultaneous reception and transmission in the aggregated cells where this instead represents the PDCCH-subframes of the SpCell.
-
For FDD serving cells, all subframes represent PDCCH-subframes except for BL UEs or UEs in enhanced coverage.

-
For FDD serving cells, all subframes […] represent PDCCH-subframes for BL UEs or UEs in enhanced coverage.
- 
For TDD serving cells, all downlink subframes and subframes including DwPTS of the TDD UL/DL configuration indicated by tdd-Config [8] of the cell represent PDCCH-subframes.


	ZTE
	We agree the text proposal in annex1. That is, the PDCCH-subframe only includes the subframes in which the UE is expected to monitor MPDCCH (e.g invalid subframe indicated by fdd-DownlinkOrTddSubframeBitmapBR, mbsfn-SubframeConfigList and MPDCCH gap are all excluded).

	Intel
	We prefer to add [ref] in the clarification as described below. We also think, there is no need to include FDD serving cells in the calrification.
PDCCH-subframe: Refers to a subframe with PDCCH. This represents the union over PDCCH-subframes for all serving cells excluding cells configured with cross carrier scheduling for both uplink and downlink [8]; except if the UE is not capable of simultaneous reception and transmission in the aggregated cells where this instead represents the PDCCH-subframes of the SpCell.
-
For FDD serving cells, all subframes represent PDCCH-subframes.

- For BL UE or UE in CE, subframes in which UE is expected to monitor MPDCCH common search space based on the [TS36.213 subcaluse 9.1.5] represent PDCCH subframes.


	NEC
	Mostly fine. One suggestion (but not very strong opinion) is to remove “all” from the following part, because without “all”, the meaning is already clear and the wording “all” is used to say actually “all (subframe)” in the original text which is not to be applied to BL UE or UE in CE (a bit confusing).
-
For BL UEs or UEs in enhanced coverage, all subframes in which the UE is expected to monitor MPDCCH represent PDCCH-subframes (for PDCCH monitoring, see [2]).


	Sequans
	It seems there are 2 types of subframes for which UE may not monitor MPDCCH

1- not part of search space (e.g. invalid DL subframes, or subframes at the end of pp)

2- “unavailable subframes”, e.g. due to gap or SIB.

In case 2, the MPDCCH repetitions are dropped.

See “If SystemInformationBlockType1-BR or SI message is transmitted in one narrowband in subframe 
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, a BL/CE UE shall assume MPDCCH in the same narrowband in the subframe 
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 is dropped.”
So it seems it would make more sense to count those subframes even though the UE is not expected to monitor MPDCCH.
TP:

“For BL UEs or UEs in enhanced coverage, all subframes in which the UE is expected to monitor MPDCCH or assumes that MPDCCH is dropped represent PDCCH-subframes (for PDCCH monitoring, see [2]).”

	Ericsson
	If the definition for PDCCH subframe is the only section where such behaviour is captured in the specifications, it may not be enough to use the wording “expected to monitor”. It would be better to refer to the common search space and the physical layer specification that captures the mechanism.


Question 4-2: Please provide companies’ view on the text proposals for Alt 2.
	Company name
	Comments

	Qualcomm
	While we think the added text is already captured by the first two bullets (for FDD.. and For TDD..), we are ok with the added text.

	LG
	Even though some subframes are not expected to monitor PDCCH, Alt 2 considers that all subframes are PDCCH-subframe. We think that current specification already considers all subframes PDCCH-subframe except for NB-IoT. Thus, the proposed clarification would not be needed.

	ZTE
	As our comments for question 3, the Alt 2 cannot work well and we don’t prefer it.

	Intel
	We also think this is not needed.

	NEC
	Given RAN2 go for the Alt 2, the clarification in the chairman note may be sufficient. However, we are fine to make clarification in the specification with other simpler way, e.g. the changes below (without Rapporteur’s changes):
-
For FDD serving cells, all subframes represent PDCCH-subframes regardless of which the UE is expected to monitor PDCCH.
-
For TDD serving cells, all downlink subframes and subframes including DwPTS of the TDD UL/DL configuration indicated by tdd-Config [8] of the cell represent PDCCH-subframes regardless of which the UE is expected to monitor PDCCH.


	Nordic
	We think the existing text should already be clear.

	Sequans
	We think the existing text does not capture Alt2 clearly, so if Alt2 needs to be specified we are ok with the TP.

However as stated above, we prefer Alt1 which is the only one making technical sense.

	Huawei, HiSilicon
	It is already captured: “For FDD serving cells, all subframes represent PDCCH-subframes”


In the previous meeting, it was pointed out that we should discuss whether a UE capability is needed.Intention is that if we introduce a clarification in Rel-14, the eNB should distinguish whether the UE is implemented according to the clarification.

Question 5: Is it needed to introduce a UE capability bit to indicate whether the UE is implemented based on the above text proposal?

	Company name
	Comments

	Qualcomm
	If the specs are clarified and the 
ehavior (either Alt 1 or Alt 2) is made mandatory for Rel-14, capability bit is not needed. eNB would know UE’s release anyway. As noted above, we cannot agree on changing Rel-13 now, and in our understanding Rel-14 Ues would likely implement the latest CRs.

	LG
	No. If UE capability bit is introduced for this, what is expected behavior for Rel-13 MTC UE, i.e., Alt 1 or Alt 2 for Rel-13 MTC UE? We think that anyway eNB can recognize whether the UE is implemented by Alt 1 or Alt 2 by checking response from the UE after transmitting PDCCH.

	NTT DOCOMO, INC.
	No. Assuming that all Rel-14 Ues implement the clarified behavior, UE capability bit is not needed.

	ZTE
	Yes. 
Although it’s a clarification for the specification, an indication whether the UE is implemented as the clarification can be helpful for the NW operation. E.g if the eNB doesn’t get the indication from the UE, the eNB may assume that 
ehavior between UE and eNB may be inconsistent and the small G(e.g mpdcch-StartSF-UESS)value should be configured to avoid the problem. If the eNB gets the indication from the UE, any G(e.g mpdcch-StartSF-UESS) value can be configured. 

	Intel
	It depends on Question 3. Assuming Alt1 is correct interpretation for Rel-14 Ues, it is not needed.

	NEC
	No. Once Rel-14 specification clarifies the definition and the expected UE behavior, no need to add UE capability signaling.

	Nordic
	If specifications are further clarified for Rel-14 and the selected alternative is mandatory there should not be need for a capability bit. 

	Sequans
	Not needed, assuming UE behavior is clarified.

	Ericsson
	No, not necessarily assuming that the clarified behavior will be mandatory and the eNB would be able to distinguish Ues with respect to different releases.

	Huawei, HiSilicon
	Can be based on UE release, if there is any change of behavior to Rel-14. 


Question 6: If there are any other discussion points, please provide them.
	Company name
	Comments

	
	

	
	

	
	

	
	


3 Conclusion
In this email discussion, 10 companies provided their views. Followings are the summary of the discussion:



Question 1-1: Do companies confirm the rapporteur’s understanding on the problem analysis in case A? Please provide any other issue if any.
Question 1-2: Do companies confirm the rapporteur’s understanding on the problem analysis in case B? Please provide any other issue if any.
All companies confirmed the rapporteur’s understanding on the problem analysis in both case A and case B, which are represented in section 2.1 as follows:

Case A) eNB is implemented according to Alt 1 and UE is implemented according to Alt 2

In this case, the “on duration interval” that the eNB expects becomes longer than the one that the UE expects. In Figure 1, for example, the eNB may transmit MPDCCH in subframe #8, #9, #0, and #1 while the UE does not monitor those subframes, i.e., MPDCCH transmission fails. If eNB continues to schedule MPDCCH in those subframes during the MPDCCH retransmissions, the MPDCCH retransmissons also fail and eNB may locally release the RRC connection of the UE after all.
Case B) eNB is implemented according to Alt 2 and UE is implemented according to Alt 1

In this case, the “on duration interval” that the eNB expects becomes shorter than the one that the UE expects, which means that the UE may unnecessarily monitor the subframes in which the eNB never transmits the MPDCCH. This will cost more buttery consumption than Alt 2 UEs.
Observation 1: All companies confirmed the above problem analysis.


Question 2: Is it needed to clarify how the BL UE or the UE in CE counts DRX timers? If yes, from which release the clarification should be introduced?
All companies answered that clarification is needed in the specification although there are different views on which release the clarification to be introduced.
7 companies preferred to make a clarification from Rel-14 and it seemed that they don’t want to touch Rel-13 specifications. Regarding] Rel-13, it was commented that the problems stated in observation 1 can be avoided by proper network configuration or implementation and was suggested to capture the understanding in Chairman’s note.
While 3 companies preferred it from Rel-13 with Alt 2 interpretation, one of the companies is also ok to capture that both Alt 1 and Alt 2 are possible interpretations for Rel-13.

Observation 2: Majority companies think that clarification should be made from Rel-14.

Observation 3: In Rel-13, both interpretations (i.e., Alt 1 and Alt 2) could be possible interpretations with proper network configuration or implementation. It was suggested to capture it as a common understanding in the chairman’s note.



Question 3: How to clarify the DRX timer counting? (i.e., Alt 1 or Alt 2?) Please also provide the reason.

7 companies think that it should be clarified with Alt 1 since it is the straight forward interpretation, i.e., onDurationTimer is used for MPDCCH scheduling and monitoring and should be counted by subframes which can contain MPDCCH. They concerned some drawbacks in Alt 2, e.g., onduration (which is up to 1600ms in Alt 2) would be much smaller than MPDCCH period (which is up to 2560ms), UE never monitors MPDCCH during onduration in some cases, etc.

3 companies preferred Alt 2 while 2 of them are ok to consider Alt 1 with an assumption that network can ensure that legacy/Rel-13 UEs are not impacted.
Observation 4: With an assumption that network can ensure that legacy/Rel-13 UEs are not impacted, it seems agreeable to make a clarification with Alt 1 from Rel-14.


Question 4-1: Please provide companies’ view on the text proposals for Alt 1.
Based on the companies’ comments in Question 4-1, the text proposal for Alt 1 has been updated (see updated parts which are highlighted in Aqua in Annex 1).


Question 5: Is it needed to introduce a UE capability bit to indicate whether the UE is implemented based on the above text proposal?

Assuming that we will make a clarification from Rel-14, majority companies think that the clarified behavior should be mandatory for UEs in Rel-14 and later releases thus the UE capability bit is not needed (i.e., network can distinguish if UE is aligned with the clarified behavior by AccessStratumRelease in UE-EUTRA-Capability).
Observation 5: Majority companies think that the clarified behaviour should be mandatory for Rel-14 and the UE capability is not needed.


Based on the above observations, rapporteur proposes the followings:

Proposal 1: To clarify how BL UE or UE in CE counts onDurationTimer from Rel-14 with Alt 1 interpretation, i.e., for onDurationTimer counting, BL UE or UE in CE counts subframes in which the UE is expected to monitor MPDCCH.
Proposal 2: To confirm and capture in the Chairman’s note that the network can avoid the problems stated in observation 1 by proper configuration or implementation thus both Alt 1 and Alt 2 can be the possible interpretations for Rel-13 UEs.
Proposal 3: To confirm that the clarified behaviour in proposal 1 is mandatory for UEs in Rel-14 and later releases (i.e. no new capability signaling is needed).
4 References

[1] R2-1803679, “DRX behaviour in eMTC/NB-IoT”, NTT DOCOMO, INC.
[2] R2-1803801, “Way forward on DRX timer counting in eMTC/NB-IoT”, NTT DOCOMO, INC.
Annex 1 Text proposal for TS36.321 (Alt 1)
Note: The base version of the text proposal is TS36.321 v14.5.0.

	Start of Changes


3
Definitions and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

Active Time: Time related to DRX operation, as defined in subclause 5.7, during which the MAC entity monitors the PDCCH.

mac-ContentionResolutionTimer: Specifies the number of consecutive subframe(s) during which the MAC entity shall monitor the PDCCH after Msg3 is transmitted.
DRX Cycle: Specifies the periodic repetition of the On Duration followed by a possible period of inactivity (see figure 3.1-1 below). 
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Figure 3.1-1: DRX Cycle

drx-InactivityTimer: Except for NB-IoT UEs, BL UEs or UEs in enhanced coverage, it specifies the number of consecutive PDCCH-subframe(s) after the subframe in which a PDCCH indicates an initial UL, DL or SL user data transmission for this MAC entity. For NB-IoT UEs, it specifies the number of consecutive PDCCH-subframe(s) after the subframe in which the HARQ RTT timer or UL HARQ RTT timer expires. For BL UEs or UEs in enhanced coverage, it specifies the number of consecutive PDCCH-subframe(s) following the subframe containing the last repetition of the PDCCH reception that indicates an initial UL or DL user data transmission for this MAC entity.
drx-RetransmissionTimer: Specifies the maximum number of consecutive PDCCH-subframe(s) until a DL retransmission is received.

drxShortCycleTimer: Specifies the number of consecutive subframe(s) the MAC entity shall follow the Short DRX cycle.

drxStartOffset: Specifies the subframe where the DRX Cycle starts.

drx-ULRetransmissionTimer: Specifies the maximum number of consecutive PDCCH-subframe(s) until a grant for UL retransmission is received.

HARQ information: HARQ information for DL-SCH or for UL-SCH transmissions consists of New Data Indicator (NDI), Transport Block (TB) size. For DL-SCH transmissions and for asynchronous UL HARQ, the HARQ information also includes HARQ process ID, except for UEs in NB-IoT for which this information is not present. For UL-SCH transmission the HARQ information also includes Redundancy Version (RV). In case of spatial multiplexing on DL-SCH the HARQ information comprises a set of NDI and TB size for each transport block. HARQ information for SL-SCH and SL-DCH transmissions consists of TB size only.
HARQ RTT Timer: This parameter specifies the minimum amount of subframe(s) before a DL assignment for HARQ retransmission is expected by the MAC entity. 

Msg3: Message transmitted on UL-SCH containing a C-RNTI MAC CE or CCCH SDU, submitted from upper layer and associated with the UE Contention Resolution Identity, as part of a random access procedure. 

NB-IoT: NB-IoT allows access to network services via E-UTRA with a channel bandwidth limited to 200 kHz.

NB-IoT UE: A UE that uses NB-IoT.
onDurationTimer: Specifies the number of consecutive PDCCH-subframe(s) at the beginning of a DRX Cycle.

PDCCH: Refers to the PDCCH [7], EPDCCH (in subframes when configured), MPDCCH [2], for an RN with R-PDCCH configured and not suspended, to the R-PDCCH or, for NB-IoT to the NPDCCH.
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. 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.
PDCCH-subframe: Refers to a subframe with PDCCH. This represents the union over PDCCH-subframes for all serving cells excluding cells configured with cross carrier scheduling for both uplink and downlink [8]; except if the UE is not capable of simultaneous reception and transmission in the aggregated cells where this instead represents the PDCCH-subframes of the SpCell.

-
For FDD serving cells, all subframes represent PDCCH-subframes, except as described in the following bullets.

-
For TDD serving cells, all downlink subframes and subframes including DwPTS of the TDD UL/DL configuration indicated by tdd-Config [8] of the cell represent PDCCH-subframes, except as described in the following bullets.

-
For serving cells operating according to Frame structure Type 3, all subframes represent PDCCH-subframes.

-
For RNs with an RN subframe configuration configured and not suspended, in its communication with the E-UTRAN, all downlink subframes configured for RN communication with the E-UTRAN represent PDCCH-subframes.
-
For SC-PTM reception on an FDD cell, all subframes except MBSFN subframes represent PDCCH-subframes.

-
For SC-PTM reception on a TDD cell, all downlink subframes and subframes including DwPTS of the TDD UL/DL configuration indicated by tdd-Config [8] of the cell except MBSFN subframes represent PDCCH-subframes.
-
For BL UEs or UEs in enhanced coverage, all subframes in which the UE is expected to monitor MPDCCH or assumes that MPDCCH is dropped represent PDCCH-subframes (for PDCCH monitoring, see subclause 9.1.5 of [2]).
PDSCH: Refers to PDSCH or for NB-IoT to NPDSCH.
PRACH: Refers to PRACH or for NB-IoT to NPRACH.
PRACH Resource Index: The index of a PRACH within a system frame [7]

Primary Timing Advance Group: Timing Advance Group containing the SpCell.

PUCCH SCell: An SCell configured with PUCCH.
PUSCH: Refers to PUSCH or for NB-IoT to NPUSCH.
ra-PRACH-MaskIndex: Defines in which PRACHs within a system frame the MAC entity can transmit a Random Access Preamble (see subclause 7.3).
RA-RNTI: The Random Access RNTI is used on the PDCCH when Random Access Response messages are transmitted. It unambiguously identifies which time-frequency resource was utilized by the MAC entity to transmit the Random Access preamble.

SC Period: Sidelink Control period, the time period consisting of transmission of SCI and its corresponding data.

SCI: The Sidelink Control Information contains the sidelink scheduling information such as resource block assignment, modulation and coding scheme, Group Destination ID (for sidelink communication) and PPPP (for V2X sidelink communication) [5].

Secondary Timing Advance Group: Timing Advance Group not containing the SpCell. A Secondary Timing Advance Group contains at least one Serving Cell with an UL configured.

Serving Cell: A Primary or a Secondary Cell [8].

Sidelink: UE to UE interface for sidelink communication, sidelink discovery and V2X sidelink communication. The sidelink corresponds to the PC5 interface as defined in [13] for sidelink communication and sidelink discovery, and as defined in [14] for V2X sidelink communication.

Sidelink communication: AS functionality enabling ProSe Direct Communication as defined in TS 23.303 [13], between two or more nearby UEs, using E-UTRA technology but not traversing any network node.

Sidelink Discovery Gap for Reception: Time period during which the UE does not receive any channels in DL from any serving cell, except during random access procedure.

Sidelink Discovery Gap for Transmission: Time period during which the UE prioritizes transmission of sidelink discovery and associated procedures e.g. re-tuning and synchronisation over transmission of channels in UL, if they occur in the same subframe, except during random access procedure.
Special Cell: For Dual Connectivity operation the term Special Cell refers to the PCell of the MCG or the PSCell of the SCG, otherwise the term Special Cell refers to the PCell.

Timing Advance Group: A group of Serving Cells that is configured by RRC and that, for the cells with an UL configured, using the same timing reference cell and the same Timing Advance value.

UL HARQ RTT Timer: This parameter specifies the minimum amount of subframe(s) before a UL HARQ retransmission grant is expected by the MAC entity.

V2X sidelink communication: AS functionality enabling V2X Communication as defined in TS 23.285 [14], between nearby UEs, using E-UTRA technology but not traversing any network node.
NOTE:
A timer is running once it is started, until it is stopped or until it expires; otherwise it is not running. A timer can be started if it is not running or restarted if it is running. A Timer is always started or restarted from its initial value.

	Next Change


Annex C (informative):
Intended UE behaviour for DRX Timers

When a DRX timer is set to a value of X, and n denotes the subframe in which the related event is triggered according to the subclause 5.7, the intended behaviours of each DRX timer are presented in the Table C-1 below: 
Table C-1: Intended UE behaviour for DRX timers

	DRX Timers
	Intended UE behaviour 
([x, y] means including subframe x and y)

	drx-InactivityTimer
	The MAC entity monitors PDCCH in PDCCH-subframes during the subframes [n+1, n+m].

The MAC entity starts or restarts drxShortCycleTimer, and uses Short DRX Cycle in the subframe n+m+1, if configured.

	drx-InactivityTimerSCPTM
	The MAC entity monitors PDCCH in PDCCH-subframes during the subframes [n+1, n+m].

	mac-ContentionResolutionTimer or mac-ContentionResolutionTimer for the corresponding enhanced coverage level, if it exists
	The MAC entity monitors PDCCH in PDCCH-subframes during the subframes [n+1, n+X].

	drx-RetransmissionTimer or drx-ULRetransmissionTimer
	The MAC entity monitors PDCCH in PDCCH-subframes during the subframes [n, n+m-1].

	onDurationTimer or onDurationTimerSCPTM
	The MAC entity monitors PDCCH in PDCCH-subframes during the subframes [n, n+m-1].

	drxShortCycleTimer
	The MAC entity uses the Short DRX Cycle during the subframes [n, n+X-1].

The MAC entity starts to use the Long DRX Cycle in the subframe n+X.

	HARQ RTT Timer
	The MAC entity starts drx-RetransmissionTimer in the subframe n+X, if needed.

	UL HARQ RTT Timer
	The MAC entity starts drx-ULRetransmissionTimer in the subframe n+X, if needed.

	NOTE:
For FDD, m is equal to X; for TDD, m is equal to the minimum number of subframes so that X PDCCH-subframes are included during the subframes [x, y].
NOTE:
A MAC entity configured with eIMTA monitors PDCCH in some subframe(s) in addition to PDCCH-subframes, as specified in subclause 5.7.
NOTE:
For BL UEs or UEs in enhanced coverage, m is equal to the minimum number of subframes so that X PDCCH-subframes are included during the subframes [x, y].


For drx-InactivityTimerSCPTM, drx-InactivityTimer, drx-RetransmissionTimer and drx-ULRetransmissionTimer, if X=0, the timer does not make the MAC entity to monitor the PDCCH.
The intended UE behaviours in Table C-1 are not applicable for NB-IoT.
	End of Changes


Annex 2 Text proposal for TS36.321 (Alt 2)

Note: The base version of the text proposal is TS36.321 v14.5.0.

	Start of Change


3
Definitions and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

Active Time: Time related to DRX operation, as defined in subclause 5.7, during which the MAC entity monitors the PDCCH.

mac-ContentionResolutionTimer: Specifies the number of consecutive subframe(s) during which the MAC entity shall monitor the PDCCH after Msg3 is transmitted.
DRX Cycle: Specifies the periodic repetition of the On Duration followed by a possible period of inactivity (see figure 3.1-1 below). 
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Figure 3.1-1: DRX Cycle

drx-InactivityTimer: Except for NB-IoT UEs, BL UEs or UEs in enhanced coverage, it specifies the number of consecutive PDCCH-subframe(s) after the subframe in which a PDCCH indicates an initial UL, DL or SL user data transmission for this MAC entity. For NB-IoT UEs, it specifies the number of consecutive PDCCH-subframe(s) after the subframe in which the HARQ RTT timer or UL HARQ RTT timer expires. For BL UEs or UEs in enhanced coverage, it specifies the number of consecutive PDCCH-subframe(s) following the subframe containing the last repetition of the PDCCH reception that indicates an initial UL or DL user data transmission for this MAC entity.
drx-RetransmissionTimer: Specifies the maximum number of consecutive PDCCH-subframe(s) until a DL retransmission is received.

drxShortCycleTimer: Specifies the number of consecutive subframe(s) the MAC entity shall follow the Short DRX cycle.

drxStartOffset: Specifies the subframe where the DRX Cycle starts.

drx-ULRetransmissionTimer: Specifies the maximum number of consecutive PDCCH-subframe(s) until a grant for UL retransmission is received.

HARQ information: HARQ information for DL-SCH or for UL-SCH transmissions consists of New Data Indicator (NDI), Transport Block (TB) size. For DL-SCH transmissions and for asynchronous UL HARQ, the HARQ information also includes HARQ process ID, except for UEs in NB-IoT for which this information is not present. For UL-SCH transmission the HARQ information also includes Redundancy Version (RV). In case of spatial multiplexing on DL-SCH the HARQ information comprises a set of NDI and TB size for each transport block. HARQ information for SL-SCH and SL-DCH transmissions consists of TB size only.
HARQ RTT Timer: This parameter specifies the minimum amount of subframe(s) before a DL assignment for HARQ retransmission is expected by the MAC entity. 

Msg3: Message transmitted on UL-SCH containing a C-RNTI MAC CE or CCCH SDU, submitted from upper layer and associated with the UE Contention Resolution Identity, as part of a random access procedure. 

NB-IoT: NB-IoT allows access to network services via E-UTRA with a channel bandwidth limited to 200 kHz.

NB-IoT UE: A UE that uses NB-IoT.
onDurationTimer: Specifies the number of consecutive PDCCH-subframe(s) at the beginning of a DRX Cycle.

PDCCH: Refers to the PDCCH [7], EPDCCH (in subframes when configured), MPDCCH [2], for an RN with R-PDCCH configured and not suspended, to the R-PDCCH or, for NB-IoT to the NPDCCH.
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. 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.
PDCCH-subframe: Refers to a subframe with PDCCH. This represents the union over PDCCH-subframes for all serving cells excluding cells configured with cross carrier scheduling for both uplink and downlink [8]; except if the UE is not capable of simultaneous reception and transmission in the aggregated cells where this instead represents the PDCCH-subframes of the SpCell.

-
For FDD serving cells, all subframes represent PDCCH-subframes.

-
For TDD serving cells, all downlink subframes and subframes including DwPTS of the TDD UL/DL configuration indicated by tdd-Config [8] of the cell represent PDCCH-subframes.

-
For serving cells operating according to Frame structure Type 3, all subframes represent PDCCH-subframes.

-
For RNs with an RN subframe configuration configured and not suspended, in its communication with the E-UTRAN, all downlink subframes configured for RN communication with the E-UTRAN represent PDCCH-subframes.
-
For SC-PTM reception on an FDD cell, all subframes except MBSFN subframes represent PDCCH-subframes.

-
For SC-PTM reception on a TDD cell, all downlink subframes and subframes including DwPTS of the TDD UL/DL configuration indicated by tdd-Config [8] of the cell except MBSFN subframes represent PDCCH-subframes.
-
For BL UEs or UEs in enhanced coverage on an FDD cell, all subframes regardless of which the UE is expected to monitor MPDCCH represent PDCCH-subframes (for PDCCH monitoring, see [2]).
-
For BL UEs or UEs in enhanced coverage on a TDD cell, all downlink subframes and subframes including DwPTS of the TDD UL/DL configuration indicated by tdd-Config [8] of the cell regardless of which the UE is expected to monitor MPDCCH represent PDCCH-subframes (for PDCCH monitoring, see [2]).
PDSCH: Refers to PDSCH or for NB-IoT to NPDSCH.
PRACH: Refers to PRACH or for NB-IoT to NPRACH.
PRACH Resource Index: The index of a PRACH within a system frame [7]

Primary Timing Advance Group: Timing Advance Group containing the SpCell.

PUCCH SCell: An SCell configured with PUCCH.
PUSCH: Refers to PUSCH or for NB-IoT to NPUSCH.
ra-PRACH-MaskIndex: Defines in which PRACHs within a system frame the MAC entity can transmit a Random Access Preamble (see subclause 7.3).
RA-RNTI: The Random Access RNTI is used on the PDCCH when Random Access Response messages are transmitted. It unambiguously identifies which time-frequency resource was utilized by the MAC entity to transmit the Random Access preamble.

SC Period: Sidelink Control period, the time period consisting of transmission of SCI and its corresponding data.

SCI: The Sidelink Control Information contains the sidelink scheduling information such as resource block assignment, modulation and coding scheme, Group Destination ID (for sidelink communication) and PPPP (for V2X sidelink communication) [5].

Secondary Timing Advance Group: Timing Advance Group not containing the SpCell. A Secondary Timing Advance Group contains at least one Serving Cell with an UL configured.

Serving Cell: A Primary or a Secondary Cell [8].

Sidelink: UE to UE interface for sidelink communication, sidelink discovery and V2X sidelink communication. The sidelink corresponds to the PC5 interface as defined in [13] for sidelink communication and sidelink discovery, and as defined in [14] for V2X sidelink communication.

Sidelink communication: AS functionality enabling ProSe Direct Communication as defined in TS 23.303 [13], between two or more nearby UEs, using E-UTRA technology but not traversing any network node.

Sidelink Discovery Gap for Reception: Time period during which the UE does not receive any channels in DL from any serving cell, except during random access procedure.

Sidelink Discovery Gap for Transmission: Time period during which the UE prioritizes transmission of sidelink discovery and associated procedures e.g. re-tuning and synchronisation over transmission of channels in UL, if they occur in the same subframe, except during random access procedure.
Special Cell: For Dual Connectivity operation the term Special Cell refers to the PCell of the MCG or the PSCell of the SCG, otherwise the term Special Cell refers to the PCell.

Timing Advance Group: A group of Serving Cells that is configured by RRC and that, for the cells with an UL configured, using the same timing reference cell and the same Timing Advance value.

UL HARQ RTT Timer: This parameter specifies the minimum amount of subframe(s) before a UL HARQ retransmission grant is expected by the MAC entity.

V2X sidelink communication: AS functionality enabling V2X Communication as defined in TS 23.285 [14], between nearby UEs, using E-UTRA technology but not traversing any network node.
NOTE:
A timer is running once it is started, until it is stopped or until it expires; otherwise it is not running. A timer can be started if it is not running or restarted if it is running. A Timer is always started or restarted from its initial value.

	End of Change


�The legend for blue box assumes that current understanding of everyone is Alt 1. In fact, that is the very item being discussed here (i.e., what is a PDCCH subframe?). So, blue box is PDCCH-subframe in Alt1 definition only. From that aspect, otherwise text for Alt 1 in figure should be updated as Alt 1 does not necessarily mean “(8 consecutive PDCCH-subframes)” in some companies’ view. Because for companies believing in Alt 2, it shows 12 “PDCCH-subframes”. So, I think blue-box legend should be updated to clarify this.


�Figure 1 is updated to reflect Qualcomm’s comment.





10

_1511009841.unknown

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
Assumption
onDurationTimer: psf6
mpdcch-NumRepetitions (rmax):  4
mpdcch-StartSF-UESS-r13 (G):  2.5
longDRX-CycleStartOffset : 4
onDuration
onDuration
Alt 2 
(counting any subframes)
Alt 1
Counting PDCCH subframes
G * rmax
MPDCCH subframe
MPDCCH-less  subframe



_1256730299.vsd
￼


UE shall monitor PDCCH


On Duration


DRX Cycle


Opportunity for DRX



_1511009828.unknown

_1234567890.vsd
￼


�

On Duration (max=1600ms)


MPDCCH period (max=2560 ms)


UE shall monitor MPDCCH


UE shall not monitor MPDCCH



