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Introduction
[bookmark: _Hlk505601228]The current TS 38.321 does not deal with the processing times needed for a UE to decide whether or not to transmit type-0-triggered SRS and/or CQI reports at a certain slot given the that the UE is in active time or not.
In TS 36.321 it is stated that:
-	in current subframe n, if the MAC entity would not be in Active Time considering grants/assignments/DRX Command MAC control elements/Long DRX Command MAC control elements received and Scheduling Request sent until and including subframe n-5 when evaluating all DRX Active Time conditions as specified in this subclause, type-0-triggered SRS [2] shall not be reported.
-	if CQI masking (cqi-Mask) is setup by upper layers:
-	in current subframe n, if onDurationTimer would not be running considering grants/assignments/DRX Command MAC control elements/Long DRX Command MAC control elements received until and including subframe n-5 when evaluating all DRX Active Time conditions as specified in this subclause, CQI/PMI/RI/PTI/CRI on PUCCH shall not be reported.
-	else:
-	in current subframe n, if the MAC entity would not be in Active Time considering grants/assignments/DRX Command MAC control elements/Long DRX Command MAC control elements received and Scheduling Request sent until and including subframe n-5 when evaluating all DRX Active Time conditions as specified in this subclause, CQI/PMI/RI/PTI/CRI on PUCCH shall not be reported.
In this document we discuss the need for processing times in NR similar those in LTE.
[bookmark: _Ref178064866][bookmark: _Hlk510538841]Discussion
In TS 38.321, sub-clause 5.7, it is stated that: 

1>	if the MAC entity is in Active Time:
	…
1>	else (i.e. not part of the Active Time):
2>	not transmit type-0-triggered SRS defined in TS 38.214 [7].
1>	if CQI masking (cqi-Mask) is setup by upper layers:
2>	if drx-onDurationTimer is not running:
3>	not report CSI on PUCCH.
1>	else:
2>	if the MAC entity is not in Active Time:
3>	not report CSI on PUCCH.
Regardless of whether the MAC entity is monitoring PDCCH or not, the MAC entity transmits HARQ feedback and type-1-triggered SRS defined in TS 38.214 [7] when such is expected.
The MAC entity needs not to monitor the PDCCH if it is not a complete PDCCH occasion (e.g. the Active Time starts or expires in the middle of a PDCCH occasion).

In LTE, a period of 5ms is used to control when the UE should a make a decision to not send a report if it believes that it will not be in active time when the report is supposed to be sent, i.e. 5ms later. These 5ms includes processing time for layer one decoding, measurements and 2ms of layer 2 decoding to be able to take DRX MAC CE commands into account. This period of 5ms allows for at deterministic behaviour so that the gNB will know the PUCCH format used when e.g. a HARQ Ack/Nack report, due to a late DCI, is sent just before the UE is supposed to enter DRX, i.e. it knows that the CQI will not be included and thereby the PUCCH format used. See Figure 1.

[image: ]
[bookmark: _Ref510432095]Figure 1 In LTE, at slot n, the UE will decide to not send CQI report 
The processing times for a NR UE is believed to be reduced as compared to LTE UEs. Reduced processing times could decrease the time needed from when the UE starts to measure for a CQI report to when it is being sent. This could improve the reliability of the CQI report when received at the gNB and could improve scheduling decisions. However, this could also depend on the time needed to measure reference symbols and filter lengths.
In [1], it is proposed to use a period of 500 symbols as the “ambiguity period” in NR, i.e. the time the UE use to make a decision whether or not to it should send a CQI report 500 symbols later in time. Depending on the numerology used this could result in extremely long periods when the UE decides to not send CQI reports, even longer than some commonly used onDuration periods or even during a large part of the drx-InactivityTimer, resulting in no or very few CQI reports being sent. It is our belief that we instead should be able to reduce the DRX ambiguous period to increase the number of CQI reports being sent with improved reliability as a result.
DRX Ambiguities in NR
As the above text from TS 38.321 shows, in NR there is no period of time agreed between the UE and gNB when the UE is supposed to make a known decision whether or not to send a CQI report. From the current text the UE should send a CQI report if it is active. However, it is allowed to make a decision to not send the CQI report if the time needed to measure and build the report is longer than the time left in active time. If the gNB then allocates resources and sends a DCI within the last few slots before the drx-InactivityTimer expires, the gNB might expect both an Ack/Nack report and a CQI report to be sent on PUCCH. But, since the UE might not have a CQI report to send, there is an ambiguity in both what the UE will send and what format used on the PUCCH. This type of non-deterministic behaviour can be reduced or even removed if similar concept as in LTE is adopted to NR.
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Figure 2 What will be sent at slot n+k?
[bookmark: _Toc510046879][bookmark: _Toc510474559][bookmark: _Toc510566859][bookmark: _Toc510651451][bookmark: _Toc510652296][bookmark: _Toc510698130]Current text in TS 38.321 allows for a non-deterministic behaviour for when the UE will send a CQI report and therefore what PUCCH format the gNB should expect.
This ambiguity can occur for more cases than just at receiving a late DCI and some typical cases for which a prolonged DRX active time may happen includes:
-	A new grant of assignment is sent by the NW that restarts the drx-InactivityTimer
-	An SR is sent by the UE which causes the UE to suddenly be in active time
-	DRX active time can also suddenly be stopped, in case when a retransmission grant/assignment is sent and stops the corresponding DRX retransmission timer
-	A DRX MAC CE is included to request the UE to leave DRX active time
To avoid this ambiguity to happen in NR, similar behaviour as in LTE should be adopted and a period of time should be agreed to allow the UE and the NW to know whether a CQI report will be included or not.
[bookmark: _Toc510046885][bookmark: _Toc510047176][bookmark: _Toc510474563][bookmark: _Toc510566864][bookmark: _Toc510651456][bookmark: _Toc510652300][bookmark: _Toc510698132]Adopt the LTE behaviour for CQI reporting during non-active time to avoid ambiguities.
The time needed for an NR UE to measure and build a CQI report should be less when compared to LTE due to improved processing. Further, in LTE, an offset of approximately 2ms was included to account for the time to deliver the message to MAC in case a DRX Command MAC CE or a Long DRX Command MAC CE is received. Transmissions of DRX MAC CEs towards the end of the UE's active time are unlikely to occur as their purpose is to shorten the UE's active time and move it to DRX. Hence, whether the network can correctly decode a CQI report in this case cannot be seen as important. It is much more important to keep the offset as small as possible to allow for efficient link adaptation since many CQI opportunities might otherwise be lost, this is particularly critical when a short drx-InactivityTimer value is used since then this will happen frequently.
[bookmark: _Toc510046880][bookmark: _Toc510474560][bookmark: _Toc510566860][bookmark: _Toc510651452][bookmark: _Toc510652297][bookmark: _Toc510698131]DRX MAC CEs can be expected to be sent infrequently towards the end of a UEs active time.
[bookmark: _Hlk510471945]At the RAN1 NR Ad Hoc #1801meeting it was agreed that:
· The list of values for K0 which can be configured by RRC should be updated to {0,1,2,3,4,5,8,10,16,20,32}. 
· The list of values for K2 which can be configured by RRC should be updated to {0,1,2,3,4,5,6,7,8,10,16,20,32}.
where K0 and K2 is the value in slots for when DL data is to be received on the PDSCH and when UL data is to be sent on PUSCH, respectively. 
If it can be agreed to exclude the possible ambiguities due to the DRX Command MAC CEs in NR, then the layer 2 delay and the K values above can be excluded in the offset needed for the UE to decide if it will be in active time for sending a CQI report. The offset could then be decreased to only include the processing time for decoding of the DCI and the time it needs to measure and build the CQI report.
Since the UE will know the NDI value from the decoding of the DCI on the PDCCH, it will know before decoding the PDSCH/sending on the PUSCH, if the drx-InactivityTimer should be started/restarted.
[bookmark: _Toc510046886][bookmark: _Toc510047177][bookmark: _Toc510474564][bookmark: _Toc510566865][bookmark: _Toc510651457][bookmark: _Toc510652301][bookmark: _Toc510698133]Exclude the DRX Command MAC CE and Long DRX Command MAC CE from the offset needed for a UE to decide if it will be in active time by the time to send the CQI report.
The offset needed in NR for the UE and network to have a deterministic agreement on the reporting at the end of an Active Time period should be independent of the numerology used and defined with an absolute time unit by using milliseconds 
[bookmark: _Toc510046887][bookmark: _Toc510047178][bookmark: _Toc510474565][bookmark: _Toc510566866][bookmark: _Toc510651458][bookmark: _Toc510652302][bookmark: _Toc510698134]The offset used in NR should use an absolute time unit of milliseconds.
In LTE, 3ms is used to allow for the decoding and measurements. If the layer two decoding of the MAC CE DRX commands can be excluded, no more than 3ms should be used for the offset. 
[bookmark: _Toc510566867][bookmark: _Toc510651459][bookmark: _Toc510652303][bookmark: _Toc510698135]No more than 3ms should be used for the offset in NR.
RAN2 should ask RAN4 for guidance in the processing times and the number of CSI-RS symbols needed to generate the reports required by the UE to transmit.  
[bookmark: _Toc510566868][bookmark: _Toc510651460][bookmark: _Toc510652304][bookmark: _Toc510698136]Send an LS to RAN4 and/or RAN1 asking for input on the amount of time the UE needs to prepare transmission of CQI.
Given the discussion in this paper on the ambiguities that can occur, the TP below should be used to update TS 38.321.
[bookmark: _Toc510566870][bookmark: _Toc510651461][bookmark: _Toc510652305][bookmark: _Toc510698137]Update TS 38.321 sub-clause 5.7 with the text proposal below.
[bookmark: _Ref189046994]Text Proposal
Snip:
1>	if CQI masking (cqi-Mask) is setup by upper layers:
[bookmark: _Hlk510652283]2>	if drx-onDurationTimer is not runninggiven the knowledge the UE has in slot n, if drx-onDurationTimer has expired in slot n+k ms when evaluating all DRX Active Time conditions as specified in this subclause:
3>	not report CSI on PUCCH.
1>	else:
[bookmark: _GoBack]2>	if the MAC entity is not in Active Time given the knowledge the UE has in slot n, if the UE is not in active time in slot n+k ms when evaluating all DRX Active Time conditions as specified in this subclause:
3>	not report CSI on PUCCH.
Regardless of whether the MAC entity is monitoring PDCCH or not, the MAC entity transmits HARQ feedback and type-1-triggered SRS defined in TS 38.214 [7] when such is expected.
The MAC entity needs not to monitor the PDCCH if it is not a complete PDCCH occasion (e.g. the Active Time starts or expires in the middle of a PDCCH occasion).
Editor’s Note: RAN2 intends to determine/replace the value “k” with a fixed value when such is known. 
[bookmark: _Hlk510538883]Conclusion
[bookmark: _Hlk510567056]In section 2 we made the following observations:
Observation 1	Current text in TS 38.321 allows for a non-deterministic behaviour for when the UE will send a CQI report and therefore what PUCCH format the gNB should expect.
Observation 2	DRX MAC CEs can be expected to be sent infrequently towards the end of a UEs active time.

Based on the discussion in section 2 we propose the following:
Proposal 1	Adopt the LTE behaviour for CQI reporting during non-active time to avoid ambiguities.
Proposal 2	Exclude the DRX Command MAC CE and Long DRX Command MAC CE from the offset needed for a UE to decide if it will be in active time by the time to send the CQI report.
Proposal 3	The offset used in NR should use an absolute time unit of milliseconds.
Proposal 4	No more than 3ms should be used for the offset in NR.
Proposal 5	Send an LS to RAN4 and/or RAN1 asking for input on the amount of time the UE needs to prepare transmission of CQI.
Proposal 6	Update TS 38.321 sub-clause 5.7 with the text proposal below.
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