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	Reason for change:
	In Rel-15, periodic CSI is configured on PUCCH only and semi-persistent CSI can be configured on either PUCCH or PUSCH. For a CSI configured on PUCCH, if its resource overlaps with a suitable PUSCH resource, it may be multiplexed in the PUSCH resource for transmission instead. 

When DRX is configured, the current spec states that if UE does not expect to be in DRX active time in symbol n considering all grants, assignments or DRX MAC CE received until 4 ms prior to symbol n, then
· If CSI-masking is configured, do not report CSI on PUCCH;
· Otherwise, do not report CSI on PUCCH and semi-persistent CSI on PUSCH.

In case where a CSI whose resource is configured on PUCCH but is transmitted in an overlapping PUSCH because of UCI multiplexing, the above spec text is ambiguous and may lead to different interpretations. For example, it is not very clear whether “not report CSI on PUCCH” means “not report CSI on any channel if its resource is configured on PUCCH” (referred as Interpretation A thereafter), or “not report CSI over its configured resource on PUCCH reporting over PUSCH is allowed” (referred as Interpretation B thereafter). We think Interpretation B is not sensible as there is no apparent reason why in DRX off time UE does not need to send CSI over PUCCH but has to send it over PUSCH if PUSCH is available in the same slot (other than the fact that it can be sent over PUSCH “for free”). Additionally, in some cases, such a requirement can pose considerable challenge for UE implementation, which can be illustrated in the following two examples.

In the first example, suppose 4ms prior to end of DRX active time, UE knows it does not need to report a periodic CSI because its configured PUCCH resource is in DRX off time. But near very end of DRX active time, a dynamic UL grant for reTx is received and that UL grant happens to overlap with the PUCCH resource for CSI. If we follow Interpretation B, then UE has to send that CSI in the PUSCH resource if multiplexing is possible. This behavior means that to always be prepared for such a corner case, UE has to measure CSI-RS and prepare periodic CSI even though their PUCCH resource is outside DRX active time. In our view, that’s quite wasteful, because most of those CSI outside DRX active time would end up not sent. And sending them has very marginal benefit - if network really needs to have that particular CSI, it can just send an aperiodic CSI request to get it.

The second example involves multiple UCIs overlapping with a PUSCH resource. According to RAN1 spec (subclause 9.2.1, 38.213), there are scenarios where overlapping UCIs, after they multiplex together, still overlap with that PUSCH, because the PUCCH resource for multiplexed UCIs may be located on different symbols. The figure below illustrates such a case. In this example, there are HARQ ACK and CSI overlapping with a PUSCH resource in symbol #2~7. UE first tries to multiplex HARQ ACK and CSI to prepare them for transmission over PUSCH resource. However, afer the multiplexing,  their PUCCH resource has to be located in symbol #9~13 instead. As a result, they can’t be sent over PUSCH, because they no long overlap with the PUSCH resournce. At this point, it is not desirable for UE to start over the process again, i.e. de-multiplex the PUCCH resource and perform UCI multiplexing again assuming CSI was not present (i.e. only HARQ ACK with PUSCH). 



We understand that similar text exists in LTE 36.321. But NR is different because of its mini-slot based scheduling. LTE has 4ms gap between grant and PUSCH. That gives UE enough time to look ahead. LTE does not have the kind of “jump in time after multiplexing” behavior described in the example above. PUCCH and PUSCH are always 14 symbols and thus always overlap even after they multiplex. Therefore, as long as there is a PUSCH resource available in the same slot, CSI can be sent for free. But as we have seem from the above example, this “free-ride” is not always possible in NR any more. 

Based on the above analysis, we therefore think Interpretation B can’t be the right intention of the spec. To avoid the aforementioned ambiguities and potential challenge for UE implementation, we propose to clarify the current spec by explicitly specifying which type of CSI is not reported, by where its resource is configured (The exact changes are given in the “Summary of Change” field).

	
	

	Summary of change:
	Clarify that if UE does not expect to be in DRX active time in symbol n considering all grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE received until 4 ms prior to symbol n, 
· If CSI-masking is configured, 
not report periodic CSI or semi-persistent CSI whose resource is configured on PUCCH;
·  Otherwise, 
not report periodic CSI or semi-persistent CSI of either type. 

Impact analysis
Impacted 5G architecture options:
Standalone and EN-DC

Impacted functionality:
DRX

Inter-operability: 
If network implements this CR but UE does not, there is no interoperability issue as UE still sends CSI, although it is not expected by network.
If UE implements this CR but network does not, there may be interoperability issue as network may expect a CSI but UE does not send it.

	
	

	Consequences if not approved:
	In DRX off time, the current spec text may lead to the wrong interpretation that UE still is required to report a CSI which has a resource configured on PUCCH but is transmitted on PUSCH due to multiplexing in that PUSCH resource. Such a report may not expected by network and wastes UE’s power.
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------------------------------------------------- Start of Change ------------------------------------------------
[bookmark: _Toc5722113]5.7	Discontinuous Reception (DRX)
The MAC entity may be configured by RRC with a DRX functionality that controls the UE's PDCCH monitoring activity for the MAC entity's C-RNTI, CS-RNTI, INT-RNTI, SFI-RNTI, SP-CSI-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, and TPC-SRS-RNTI. When using DRX operation, the MAC entity shall also monitor PDCCH according to requirements found in other subclauses of this specification. When in RRC_CONNECTED, if DRX is configured, for all the activated Serving Cells, the MAC entity may monitor the PDCCH discontinuously using the DRX operation specified in this subclause; otherwise the MAC entity shall monitor the PDCCH as specified in TS 38.213 [6].
RRC controls DRX operation by configuring the following parameters:
-	drx-onDurationTimer: the duration at the beginning of a DRX Cycle;
-	drx-SlotOffset: the delay before starting the drx-onDurationTimer;
-	drx-InactivityTimer: the duration after the PDCCH occasion in which a PDCCH indicates a new UL or DL transmission for the MAC entity;
-	drx-RetransmissionTimerDL (per DL HARQ process except for the broadcast process): the maximum duration until a DL retransmission is received;
-	drx-RetransmissionTimerUL (per UL HARQ process): the maximum duration until a grant for UL retransmission is received;
-	drx-LongCycleStartOffset: the Long DRX cycle and drx-StartOffset which defines the subframe where the Long and Short DRX Cycle starts;
-	drx-ShortCycle (optional): the Short DRX cycle;
-	drx-ShortCycleTimer (optional): the duration the UE shall follow the Short DRX cycle;
-	drx-HARQ-RTT-TimerDL (per DL HARQ process except for the broadcast process): the minimum duration before a DL assignment for HARQ retransmission is expected by the MAC entity;
-	drx-HARQ-RTT-TimerUL (per UL HARQ process): the minimum duration before a UL HARQ retransmission grant is expected by the MAC entity.
When a DRX cycle is configured, the Active Time includes the time while:
-	drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra-ContentionResolutionTimer (as described in subclause 5.1.5) is running; or
-	a Scheduling Request is sent on PUCCH and is pending (as described in subclause 5.4.4); or
-	a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a Random Access Response for the Random Access Preamble not selected by the MAC entity among the contention-based Random Access Preamble (as described in subclause 5.1.4).
When DRX is configured, the MAC entity shall:
1>	if a MAC PDU is received in a configured downlink assignment:
2>	start the drx-HARQ-RTT-TimerDL for the corresponding HARQ process in the first symbol after the end of the corresponding transmission carrying the DL HARQ feedback;
2>	stop the drx-RetransmissionTimerDL for the corresponding HARQ process.
1>	if a MAC PDU is transmitted in a configured uplink grant:
2>	start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process in the first symbol after the end of the first repetition of the corresponding PUSCH transmission;
2>	stop the drx-RetransmissionTimerUL for the corresponding HARQ process.
1>	if a drx-HARQ-RTT-TimerDL expires:
2>	if the data of the corresponding HARQ process was not successfully decoded:
3>	start the drx-RetransmissionTimerDL for the corresponding HARQ process in the first symbol after the expiry of drx-HARQ-RTT-TimerDL.
1>	if a drx-HARQ-RTT-TimerUL expires:
2>	start the drx-RetransmissionTimerUL for the corresponding HARQ process in the first symbol after the expiry of drx-HARQ-RTT-TimerUL.
1>	if a DRX Command MAC CE or a Long DRX Command MAC CE is received:
2>	stop drx-onDurationTimer;
2>	stop drx-InactivityTimer.
1>	if drx-InactivityTimer expires or a DRX Command MAC CE is received:
2>	if the Short DRX cycle is configured:
3>	start or restart drx-ShortCycleTimer in the first symbol after the expiry of drx-InactivityTimer or in the first symbol after the end of DRX Command MAC CE reception;
3>	use the Short DRX Cycle.
2>	else:
3>	use the Long DRX cycle.
1>	if drx-ShortCycleTimer expires:
2>	use the Long DRX cycle.
1>	if a Long DRX Command MAC CE is received:
2>	stop drx-ShortCycleTimer;
2>	use the Long DRX cycle.
1>	if the Short DRX Cycle is used, and [(SFN × 10) + subframe number] modulo (drx-ShortCycle) = (drx-StartOffset) modulo (drx-ShortCycle); or
1>	if the Long DRX Cycle is used, and [(SFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset:
2>	start drx-onDurationTimer after drx-SlotOffset from the beginning of the subframe.
1>	if the MAC entity is in Active Time:
2>	monitor the PDCCH as specified in TS 38.213 [6];
2>	if the PDCCH indicates a DL transmission:
3>	start the drx-HARQ-RTT-TimerDL for the corresponding HARQ process in the first symbol after the end of the corresponding transmission carrying the DL HARQ feedback;
3>	stop the drx-RetransmissionTimerDL for the corresponding HARQ process.
2>	if the PDCCH indicates a UL transmission:
3>	start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process in the first symbol after the end of the first repetition of the corresponding PUSCH transmission;
3>	stop the drx-RetransmissionTimerUL for the corresponding HARQ process.
2>	if the PDCCH indicates a new transmission (DL or UL):
3>	start or restart drx-InactivityTimer in the first symbol after the end of the PDCCH reception.
1>	in current symbol n, if the MAC entity would not be in Active Time considering grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE received and Scheduling Request sent until 4 ms prior to symbol n when evaluating all DRX Active Time conditions as specified in this subclause:
2>	not transmit periodic SRS and semi-persistent SRS defined in TS 38.214 [7].
1>	if CSI masking (csi-Mask) is setup by upper layers:
2>	in current symbol n, if onDurationTimer would not be running considering grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE received until 4 ms prior to symbol n when evaluating all DRX Active Time conditions as specified in this subclause:
3>	not report any CSI that is configured on PUCCH.
1>	else:
2>	in current symbol n, if the MAC entity would not be in Active Time considering grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE received and Scheduling Request sent until 4 ms prior to symbol n when evaluating all DRX Active Time conditions as specified in this subclause:
3>	not report CSI on PUCCH andany periodic or semi-persistent CSI on PUSCH.
Regardless of whether the MAC entity is monitoring PDCCH or not, the MAC entity transmits HARQ feedback, aperiodic CSI on PUSCH, and aperiodic 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 ends in the middle of a PDCCH occasion).
------------------------------------------------- End of Change ------------------------------------------------
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