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Internal Discussion 
1 Introduction

In RAN2#81 the so-called “N-4 approach” has been agreed [1], where UE looks ahead 4 subframes in advance in order to determine whether to perform periodic CSI/SRS transmission based on received grants/assignments. The motivation/aim of this approach is to remove the optionality of the UE behavior according to current specifications and thereby to ease eNB implementation, i.e. avoidance of double decoding. In the “N-4 approach”, only the estimated DRX status of subframe N based on grants/assignments, i.e. Active Time or Non-Active Time, determines whether UE transmits periodic CSI/SRS or not. The UE behaviour can be illustrated by following table. AT denotes Active Time, whereas NAT stands for Non-Active Time.
	Case
Index
	DRX status of N-4
	estimated DRX status of N based on grants/assignments
	actual DRX status of N
	UL TX at N
	CSI/SRS reporting 

	1)
	whatever
	AT
	whatever
	Y

	2)
	whatever
	NAT
	whatever
	N


The agreed CR to TS36.321 can be found in R2-130844. In addition to grants/assignment, Active Time or Non-Active  Time is determined by DRX-related timer(s) and MAC Control elements. Therefore, this contribution discusses the behaviour relating DRX-related timer(s) and MAC control elements, i.e. DRX command MAC CE  . 
2 Discussion 
2.1.1 DRX related timers

The first missing part in the discussion about estimation of the DRX status of a subframe are the DRX related timers. According to the agreed UE behavior only grants/assignments are considered for the estimation of the DRX status 4 subframes ahead. As a consequence even though UE/eNB knows 4 subframes in advance that a certain subframe is in Active Time due to the running of a DRX related timer like OnDuration timer or DRX retransmission timer, this is not accounted for in the estimation according to the agreed behavior.
More in particular UE will not report periodic CSI/SRS in the first 4 subframes of every OnDuration with R2-130844 when only grants/assignments are considered which were received 4 subframes before. The following figure highlights the problem.
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As shown in the figure the Active Time of the previous DRX cycle ended in subframe N-7, whereas the OnDuration in the following DRX cycle starts in subframe N. When now only considering received grants/assignments for the estimation of the DRX status of the subframes 4ms ahead, subframe N to N+3 would be estimated to be Non-Active Time. Consequently UE shall not report in those subframes CSI/SRS, which one could say it would reduce the scheduling efficiency. However when UE would take into account also the DRX OnDuration timer for the estimation of the DRX status of a subframe, the efficiency of the CSI/SRS reporting could be increased. In general the UE/eNB is aware of when OnDuration timer is running. In order to account for sudden, unpredictable DRX cycle changes due to the reception of a PDCCH, the UE considers only received grants/assignments until and including subframe N-4 for the determination whether OnDuration timer is running at subframe N. In other words UE estimates only with the its knowledge at subframe N-4 whether OnDuration timer would run in subframe N. 
Similar to the OnDuration timer also the DRX retransmission timer should be considered when estimating whether the subframe 4ms ahead is in Active Time or Non-Active Time. UE/eNB knows already 4 subframes in advance (based on HARQ feedback) whether DRX retransmission timer is running or not in subframe N. 
Since the consideration of DRX related timers such as OnDuration and DRX retransmission timer would increase the efficiency of CSI/SRS reporting we propose the following:
Proposal 1: The estimation of the DRX status of subframe N is not only based on grants/assignments received until and including N-4 but also based on status of DRX-related timer(s) at subframe N such as the OnDuration timer and/or DRX retransmission timer. 
2.1.2 MAC Control element
Second missing part in the discussion about estimation of the DRX status of a subframe  is the  MAC control element. According to the current agreed behavior UE only considers grants and assignments for determining whether to transmit CSI/SRS. It was already raised in RAN2#81 that MAC CE (DRX MAC CE) needs to be also considered for the decision whether to transmit periodic CSI/SRS or not. However no consensus could be reached how to address the MAC CE case in the specifications, therefore this issue was postponed to the next meeting. In R2-130681 it was proposed to treat the MAC CE in the same way as for the grant/assignment reception case, i.e. MAC CE received until and including N-4 is considered for the estimation of the DRX status of subframe N. However some companies expressed concerns with this approach; they were worried that when receiving a “DRX Command MAC CE” in subframe N-4 that UE might not be able to process the control element and take it into account for subframe N. 
However already in Rel-8, UE has according to the Note in section 5.7 only 4ms for recognizing a DRX MAC CE (this includes detection of PDCCH, decoding of corresponding DL-SCH and processing of TB) and stopping of a periodic CSI/SRS reporting. Therefore we don’t think that there would be problem from that perspective.

Even when 4ms are sufficient to recognize a DRX MAC CE, the approach to treat the MAC CE in the same way as the grants/assignments has some other problem. Since the HARQ feedback (ACK/NACK) for a DRX MAC CE is sent 4ms later, the eNB doesn’t know at subframe N whether UE received the MAC CE which was sent in N-4 correctly before it detects the HARQ feedback on PUCCH. The PUCCH format in subframe N might depend on the decoding result of the MAC CE. More in particular UE might either transmit ACK/NACK with or without CSI/SRS in subframe N, i.e. in case the DRX MAC CE was correctly received in N-4, UE will stop CSI/SRS transmission for subframe N (since subframe N is estimated as being in Non-Active Time), for the case that decoding was not successful UE will transmit CSI/SRS since UE estimates that subframe N will be Active Time. Hence with the proposal in R2-130681 there might be still some optional UE behaviour which would require some double decoding complexity in the eNB. 
One possible simple approach to avoid this optionality is, at the subframe N-4, to ignore DRX MAC CE(s) when determining whether to transmit periodic CSI/SRS reports and only consider grants/assignments and DRX related timers. Therefore, regarding DRX MAC CE(s), only until and including suframe N-5 are taken into account. This ensures that eNB knows in subframe N already whether the MAC CE was correctly received by UE or not and hence avoid the optionality.  This means grants/assignments are considered which are received until and including N-4 and MAC CEs are considered which are received until and including N-5. It means predictable and deterministic UE behavior. From L1 implementation perspective, this behaviour could be seen as following. (e)PDCCH decoding is quicker than PDSCH decoding. Therefore, (e)PDCCH is taken into account until and including N-4. MAC mapped on PDSCH decoding requires more processing time. Therefore, MAC CE on PDSCH is taken into account until and including N-5. 
One may argue that current wording could be interpreted as above understanding. But we propose that this MAC behaviour is explicitly described in the specification in order to avoid the situation that discussion will come up again for Rel-12.
Proposal 2: UE should only consider MAC CE(s) which are received until and including subframe N-5 for the determining whether to transmit periodic CSI/SRS or not in subframe N. 
  
3 Conclusion
This contribution discusses further issues on removing optionality for periodic CSI/SRS reporting during transient phases. In particular the consideration of DRX related timers like OnDurationTimer and DRX-RetransmissionTimer and MAC CEs for the estimation of the DRX status of a subframe is addressed here. It’s proposed to agree on the following:

Proposal 1: The estimation of the DRX status of subframe N is not only based on grants/assignments received until and including N-4 but also based on status of DRX-related timer(s) at subframe N such as the OnDuration timer and/or DRX retransmission timer.
Proposal 2: UE should only consider MAC CE(s) which are received until and including subframe N-5 for the determining whether to transmit periodic CSI/SRS or not in subframe N.
A corresponding CR to TS36.321 can be found in [3]. 
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4 Annex 
Implementation aspects of RAN2#81 agreed behaviour
This annex explains the implementation aspect of RAN2#81 agreed behavior. 
“N-4 approach” is again illustrated in the table below for different cases. 
	Uplink signal 
	Case
	UE behavior

	CQI/PMI/RI/PTI on PUCCH
	CQI-mask is configured, n was considered to be in onDuration at N-4 based on grants/assignments 
	Shall send

	
	CQI-mask is configured, n was considered to be not in onDuration at N-4 based on grants/assignments
	Shall not send

	
	CQI-mask is not configured, n was considered to be in Active Time at N-4 based on grants/assignments
	Shall send

	
	CQI-mask is not configured, n was considered to be not in Active Time at N-4 based on grants/assignments
	Shall not send

	Type 0 SRS
	N was considered to be in Active Time at N-4 based on grants/assignments
	Shall send

	
	N was considered to be not in Active Time at N-4 based on grants/assignments
	Shall not send


As already mentioned, the decision whether to transmit periodic CSI/SRS at subframe N depends on the estimated DRX status (Active Time or Non-Active Time) for subframe N from the viewpoint of subframe N-4.  For the estimation of the DRX status UE considers assignments/grants received until and including subframe N-4. 
Even though the table might give the impression that UE decides at subframe N-4 whether to send periodic CSI/SRS in subframe N, it should be obvious from an implementation point of view that UE might not be able to make the decision at N-4 due to the fact that grants/assignments which are received until and including N-4 should be taken into account for the decision. The following figure illustrates the issue.
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UE time budget for CSI/SRS Tx

At this point of time UE determines 

wheter to transmit CSI/SRS in N due 

to (e)PDCCH decoding delay


As can be seen, due to the decoding delay of (e)PDCCH the decision whether to transmit CSI/SRS at N can only made by the UE e.g. somewhere in subframe N-3. Consequently UE can only prepare CSI/SRS transmission in subframe N upon having estimated the DRX status of subframe N.
Observation: Due to the (e)PDCCH decoding delay UE might not be able to make decision about CSI/SRS reporting at subframe N in subframe N-4 but rather in subframe N-3. 
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