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	Reason for change:
	According to the current MAC-layer specification (TS38.321 v15.7.0, subclause 5.7), when DRX is configured,
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 clause:
2>	not transmit periodic SRS and semi-persistent SRS defined in TS 38.214 [7].
2> 	not report CSI on PUCCH and semi-persistent CSI on PUSCH.
1>	if CSI masking (csi-Mask) is setup by upper layers:
2>	in current symbol n, if drx-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 clause:
                   3>	not report CSI on PUCCH.
This first ambiguity with the above text is whether this means “SP-CSI configured on SCH” or “SP-CSI configured on PUCCH but reported on PUSCH”. The first interpretation is what RAN2 agreed in RAN2 ad-hoc #1807. And we think the second interpretation does not make sense because it is not consistent with the current behavior of periodic CSI, which can be reported by multiplexing it with an overlapping PUSCH even if UE is already in DRX off time. However, this means the two “on” in the first half and second half of this sentence has two different meanings. Such a text can be misleading and hence should be avoided. 
The second ambiguity of the above text is that it does not clearly define exactly when (i.e. “current symbol n”) UE should decide whether to drop CSI or not. There are two possible ways to interpret when “current symbol n” is:
· Alternative 1: “current symbol n” is when the actual transmission of CSI occurs; or  
· Alternative 2: “current symbol n” is the starting symbol of the RRC configured PUCCH resource for the CSI report (i.e. in the time location where CSI transmission is originally scheduled).
This ambiguity is an issue because it creates challenge for UE implementation to decide whether to drop a CSI on PUCCH, when multiple UCIs overlap with a PUSCH resource.
More specifically, according to the current RAN1 spec (subclause 9.2.1, 38.213), there are scenarios where overlapping UCIs, after they are multiplexed together, may no longer overlap with that PUSCH, because the PUCCH resource for the multiplexed UCIs may be located on different symbols. Figure 1 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 the PUSCH resource. However, after multiplexing, their PUCCH resources has to be located in symbol #9~13 instead. Hence, they can’t be sent over PUSCH, because they no long overlap with that PUSCH resource anymore. 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).

Figure 1. Resource locations of UCIs before and after multiplexing.
From the above example, one can see that before UCI multiplexing is performed, MAC would be not able to know eventually where the CSI is going to be transmitted (i.e. either over the overlapping PUSCH or over a “new” PUCCH in a different set of symbols), until the procedure is done, because the final PUCCH resource could be shifted to a different location.
If we follow Alternative 1, UE decides whether to transmit CSI at its actual transmission time instead at its configured starting symbol. Therefore, UE has to first perform UCI multiplexing, determines where the actual PUCCH resource is for the actual transmission, then check if the new PUCCH resource overlaps with PUSCH. If it does, CSI is reported together with HARQ N/ACK on PUSCH. Otherwise, CSI is dropped if UE is in DRX off time in that symbol. These steps, however, involves several back and forth interaction between PHY and MAC (see R1-1909229), and requires to change to the current RAN1 spec, which is objected by RAN1 in their LS R1-1909889.
On the other hand, if we follow Alternative 2, the decision is much simpler and does not depend on whether there are other overlapping UCIs or not, i.e. if the starting symbol of the configured PUCCH resource for a CSI is in DRX active time, report the CSI (UCI multiplexing is still performed if overlapping PUSCH resource is available). Otherwise, drop CSI. Unfortunately, this change is NBC, because the current specification allows at least P-CSI to be multiplexed on an overlapping PUSCH even if UE is already in DRX off time.
A compromise solution that we would like to propose is that when UE is in DRX off time, UE drops CSI on PUCCH only if it is the only UCI in that slot. More specifically,
· If CSI is the only UCI in that slot, UE discards it if UE is already in DRX off time, which is the same as the current behavior (no change);
· If CSI overlaps with PUSCH, UE still multiplexes with PUSCH, which is the same as the current behavior (no change);
· If CSI overlaps with PUSCH and other UCIs (e.g. HARQ N/ACK), UE does not drop CSI and performs UCI multiplexing. After this multiplexing, even if this CSI is multiplexed with other UCI on a different PUCCH resource that does not overlap with PUSCH, UE still transmits CSI. It is not clear if this is a NBC, because it depends on how network implementation has interpreted the current specification. But at least in IOTs with all major infra vendors, this solution did not cause any interoperability issue.

	
	

	Summary of change:
	1. Clarify that UE does not report semi-persistent CSI configured on PUSCH in DRX off time;
2. Clarify that UE does not report CSI on PUCCH only if it does not overlap with PUSCH and other UCI(s) at the same time.

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:
	If no change is made, it may create ambiguity to network whether a CSI is reported or not, due to different interpretations used by different UE implementation.  For UEs, this ambiguity creates a challenge in UE implementation in determining whether to drop CSI or not in case it overlaps with other CSIs and PUSCH. Some interpretation can cause 
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------------------------------------------------- Start of Change ------------------------------------------------
[bookmark: _Toc12751564]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 clauses 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 clause; 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 clause 5.1.5) is running; or
-	a Scheduling Request is sent on PUCCH and is pending (as described in clause 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 clause 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 clause:
2>	not transmit periodic SRS and semi-persistent SRS defined in TS 38.214 [7].;
2> 	not report CSI on PUCCH and semi-persistent CSI configured on PUSCH;
2>	not report CSI on PUCCH only if this CSI does not overlap with PUSCH and other UCI(s) at the same time.
1>	if CSI masking (csi-Mask) is setup by upper layers:
2>	in current symbol n, if drx-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 clause:
3>	not report CSI on PUCCH.
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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