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Introduction
At the last RAN2 meeting, it has been agreed that when defining the UE behaviors on CQI/PMI/RI and type 0 SRS reporting on PUCCH, the ambiguous period should be considered. In this contribution, we will further analyze the value of the DRX ambiguous period. 
Discussion
LTE procedure for determining the value of DRX ambiguous period
At RAN2#64 meeting on LTE, the CSI/SRS reporting during the ambiguous period was first raised [1]. And the corresponding discussion lasted for many meetings. At RAN2#81 meeting, it was finally agreed that UE determines whether to transmit CSI/SRS in subframe n considering grants/assignments/DRX Command MAC CE received until and including subframe n-4 [2]. 4ms included the time used for PDCCH detection/PDSCH decoding/DRX MAC CE processing.
At RAN2#82 meeting, based on the discussion of [3], n-4 is changed to n-5 considering the HARQ feedback of PDSCH carrying DRX MAC CE in order to avoid the unpredictable UE behavior since eNB knows whether DRX MAC CE was correctly received by the UE only after reception of the associated HARQ feedback [4]. And n-5 is agreed based on the assumption that MAC layer can complete the DRX MAC CE processing within 4ms after receiving the PDCCH scheduling the DRX MAC CE.
As a summary, the value of LTE DRX ambiguous period in LTE is determined based on the following factors:
· PDCCH detection/PDSCH decoding: 3ms
· DRX MAC CE processing in MAC layer: 1ms
· HARQ feedback for PDSCH: 1ms
Observation 1:  For LTE, the value of ambiguous period is defined considering the grant/assignment/DRX MAC CE processing time and HARQ feedback for DRX MAC CE:
· PDCCH detection/PDSCH decoding: 3ms;
· DRX MAC CE processing in MAC layer: 1ms;
· HARQ feedback for DRX MAC CE: 1ms.
Observation 2: For LTE, it is assumed the DRX MAC CE processing can be completed before HARQ feedback.
Observation 3：When defining the ambiguous period, the HARQ feedback latency caused by TDD UL/DL configuration has not been taken into account.
Value of NR DRX ambiguous period
In NR, the rules for determining the DRX ambiguous period should be the same as in LTE. That is to say the DRX ambiguous period should also consider the grant/assignment/DRX MAC CE processing time and HARQ feedback for DRX MAC CE.
Proposal 1:  In NR, the value of DRX ambiguous period should also consider the grant/assignment/DRX MAC CE processing time and HARQ feedback for DRX MAC CE.
The processing time of UL grant only includes the PDCCH processing time and the SR processing time only includes the gNB processing time. They are both less than the time used for processing the DL assignment/DRX MAC CE and DL HARQ feedback. Hence when considering the value of the NR DRX ambiguous period, only the DL assignment/DRX MAC CE and DL HARQ feedback time should be taken into account.
For DL, different from LTE, in NR, the PDCCH and scheduled PDSCH may be in different slots. Because of this, one may consider that from the time the UE completes the PDCCH decoding to the time that the UE actually receives the assigned PDSCH (up to 32 slots away considering the BWP switching case, see below), there is no ambiguity anymore if the drx-InactivityTimer is always running. But in fact the length of the drx-InactivityTimer may be short and expire before receiving the PDSCH, in which case UE is again in an ambiguous state with respect to DRX. Therefore we think it is simpler to include the time between the PDCCH reception and the PDSCH reception in the ambiguous period rather than considering two disjoint ambiguous periods. Hence the DRX ambiguous period will include the following four parts:
· The time between the PDCCH reception and the PDSCH reception (T1);
· The PDSCH decoding time (T2);
· DRX MAC CE processing time (T3);
· HARQ feedback for PDSCH (T4).
RAN1 had made the following agreement on the processing timings:
	Agreements (RAN1 NR AH#1): 
· Timing between DL assignment and corresponding DL data transmission is indicated by a field in the DCI from a set of values [this is K0]
· The set of values is configured by higher layer
· Timing between UL assignment and corresponding UL data transmission is indicated by a field in the DCI from a set of values [this is K2]
· The set of values is configured by higher layer 
· Timing between DL data reception and corresponding acknowledgement is indicated by a field in  the DCI from a set of values [this is K1]
· The set of values is configured by higher layer


According to the above agreements, it is obvious that:
· T1= K0;
· T2 and T4 are both part of K1 (Besides T2 and T4, K1 also includes the waiting time due to slot structure).
The only question is whether the DRX MAC CE processing (T3) can be completed within K1, if the MAC layer DRX MAC CE processing time can also be completed within K1, it is obvious that the value of DRX ambiguous period can be equal to the sum of K0 and K1.
Proposal 2: Suggest RAN2 to confirm the MAC layer DRX MAC CE processing can be completed before sending the HARQ feedback of the PDSCH carrying the DRX MAC CE.
Proposal 3: The ambiguous period in NR should be equal to the sum of the maximum value of K0 and K1.
Assuming Proposal 2 and Proposal 3 can be agreed, in order to determine the value of the ambiguous period, we must identify what the values of K0 and K1 are.  The RAN1 agreements regarding to K0 and K1 are listed as below:
	K0
Agreements(RAN1 NR Ad Hoc #1801):
· 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}.

	K1
Agreements(RAN1 NR Ad Hoc #1801):
· The set of K1 slot-timing values which are configurable in RRC at least includes the set
o    {0,1,2,3,4,5,6,7,8}
· Some of the 16 available RRC values may be reserved 
Agreements(RAN1#92)::
· The default set of K1 slot-timing values to use is {1,2,3,4,5,6,7,8}


The unit of the above table is slot. It is obvious the maximum value of K0 is 32 slots, which takes BWP switching into consideration. Since it should be possible for the NW to request altogether a UE to go to sleep and switch BWP to the default BWP to save power, then when evaluating the ambiguous period, BWP switching should also be taken into account.
Proposal 4: Suggest RAN2 to confirm when evaluating the DRX ambiguous period, BWP switching time should also be taken into account.
In addition, slot is a relative value. The absolute length of K0 depends on the SCS used by each scheduled PDSCH transmission and the absolute length of K1 depends on the SCS used by PUCCH transmission.  In order to determine whether symbol n is in Active Time, the MAC entity should take multiple DL assignments received until and including n-NR DRX ambiguous Period. The SCS used for each PDSCH/PUCCH may be different,which means that the absolute length of one slot may be different for different DL assignments. Hence, we should use an absolute unit (millisecond) as the unit of the ambiguous period, rather than slot. 
Proposal 5: When evaluating the DRX ambiguous period, the unit should be millisecond, not slot.
The mapping between slot and subframe is defined in TS38.211 as below:
	

	

	

	


	0（15KHz SCS）
	14
	10
	1

	1（30KHz SCS）
	14
	20
	2

	2（60KHz SCS）
	14
	40
	4

	3（120KHz SCS）
	14
	80
	8

	4（240KHz SCS）
	14
	160
	16


[bookmark: _GoBack]The largest values of K0, e.g., 32 slots, are determined based on largest SCS (smallest slot duration) and they may not apply to smaller SCS. But unfortunately, RAN1 has not given the mapping between the SCS and the allowed maximum K0 for each SCS. The same case also exists for K1. Hence it is hard for RAN2 to determine the absolute value of the DRX ambiguous period. So we suggest sending an LS to RAN1 asking for the maximum absolute values of K0 and K1.
Proposal 6: Send LS to RAN1 to ask them to provide the maximum values for K0 and K1 (using millisecond as unit).
Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1:  In NR, the value of DRX ambiguous period should also consider the grant/assignment/DRX MAC CE processing time and HARQ feedback for DRX MAC CE.
Proposal 2: Suggest RAN2 to confirm the MAC layer DRX MAC CE processing can be completed before sending the HARQ feedback of the PDSCH carrying the DRX MAC CE.
Proposal 3: The ambiguous period in NR should be equal to the sum of the maximum value of K0 and K1.
Proposal 4: Suggest RAN2 to confirm when evaluating the DRX ambiguous period, BWP switching time should also be taken into account.
Proposal 5: When evaluating the DRX ambiguous period, the unit should be millisecond, not slot.
Proposal 6: Send LS to RAN1 to ask them to provide the maximum value for K0 and K1 (using millisecond as unit).
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