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1	Introduction
In RAN1#98bis, RAN1 formulated LS R1-1911399 to RAN2 requesting the feasibility for a new kind of acknowledgement not discussion earlier:
	Discussion on PUR L1 ACK for an application layer response message (for NB-IoT and eMTC)
In RAN1#98bis meeting, RAN1 discussed the following indication to be carried by the L1 ACK DCI:
The PUR transmission is successful and UE may continue monitoring the PUR SS after a non-zero gap. The non-zero-gap is part of the PUR configuration. The value of the non-zero gap will be decided by RAN2.

RAN1 has the following questions:
· What is the range of the non-zero gap considering the followings questions
a. What is the proportion (how often) of PUR transmissions that have an application layer response after a PUR transmission.
b. What is the time duration between a PUR transmission and the corresponding application layer response.

2. Actions:
RAN1 kindly asks RAN2 
1. To take into account the RAN1 agreements and confirm the feasibility; and
2. To address the questions and feasibility and benefit of the above PUR L1 ACK indication.


In this contribution we discuss the need for such application layer response message.
[bookmark: _Ref178064866]2	Discussion
According to agreements so far, either a L1 ACK or a L2/L3 ACK (PUR DL response message) can be used to acknowledge the PUR transmission (see Figure 1 and Figure 2). 
[image: ]
[bookmark: _Ref23189785]Figure 1: L1 ACK
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[bookmark: _Ref23189802]Figure 2: L2/L3 ACK (PUR RRC message response)

Further, RAN2 has agreed that this terminates the PUR transmission procedure:
RAN2 confirm the intention of the previous agreement as follows: 
· If RRC response message is not needed, eNB may send L1 ACK to acknowledge the PUR transmission in UL. The L1 ACK concludes the PUR procedure and UE moves to Idle. 

RAN2 has further agreed that there would be no latency differentiation for these two options, i.e. also the L1 ACK would be sent at first when eNB has determined that there will be no DL data or signaling:
RAN2 assumes the L1 signalling for acknowledgement is sent only after the eNB determines there is no pending downlink data or signalling. 

The LS from RAN1 now discusses a third type of ACK, a ‘PUR L1 ACK for an application layer response’. As illustrated in Figure 3 this ACK would temporarily stop the UE’s monitoring of the SS, and indicate that there will be a later DL application response after a non-zero gap when the UE’s monitoring of the SS is resumed. 


[image: ]
[bookmark: _Ref23190013]Figure 3: New ‘PUR L1 ACK for an application layer response’.
The LS asks RAN2 for input on a suitable length for such a non-zero gap and on the feasibility of such a solution.
Apart from the absence of Msg1 and Msg2, and the additional requirements on a valid TA and periodic traffic, PUR is very similar to Rel-15 MO EDT. For EDT, it is up the eNB implementation to either move the UE to Connected in Msg4 (e.g. in case of an imminent application layer response message), or release the UE to Idle (e.g. in case of no expected application layer response, or an expected late response such that paging the UE in Idle instead of keeping it in Connected is beneficial). 
[bookmark: _Toc24063862]For the application layer response there is no difference between EDT and PUR.  
The main motivation for PUR is to reduce the UE energy consumption, which is directly proportional to the time the UE has to keep its receiver open or transmit (see e.g. our earlier paper on performance evaluations R2-1906940). Therefore, since the the ‘PUR L1 ACK for an application layer response’ solution may increase the total SS and (M/N)PDCCH monitoring time, i.e. two ACKs have to be scheduled and transmitted instead of one, there may be a negative impact on UE energy consumption.
[bookmark: _Toc24063863]Any increase in (M/N)PDCCH monitoring time will have a negative impact on UE energy consumption.
It should be compared to using the legacy procedure of paging the UE after terminating PUR with a L1 or L2/L3 ACK. Only if the energy consumption from the paging (paging + RA) is higher than that of monitoring the PUR SS Window with a non-zero gap, ‘PUR L1 ACK for an application layer response’ would have a gain. This, of course, depends on the length of the overall PUR SS Window, and whether it would have to be longer using the ‘non-zero gap’. If the application layer response delay would be known to the eNB at the time of PUR configuration, and would always be the same for each PUR transmission, this solution could provide gains. However, eNB is typically unaware of such application layer details and therefore ‘PUR L1 ACK for an application layer response’ could not be configured to always provide a gain. One could however argue that if it by observation is concluded that the UEs traffic pattern is periodic and suitable for PUR, also the application layer response could be observed and predicted to be the same also later.
[bookmark: _Toc24063864] ‘PUR L1 ACK for an application layer response’ could provide gain if the application layer response delay is known and always he same.
[bookmark: _GoBack]However, if the application layer response delay is perfectly known, there are other possible solutions which are less complex and would provide larger gain. First, a configurable gap ‘X’ between the PUR transmission and the start of the PUR SS Window could be considered (RAN1 has now agreed that X should be 4 ms however). X would then be configured to be slightly larger than the application layer response delay, and the UE would wake up receive only one ACK to complete the procedure. One could say the first SS window part and the first ACK in Figure 3 are omitted, which would lead to a larger gain. Second, applying DRX in the PUR SS Window would allow for a much longer SS Window. This solution would work also if the application layer response is not perfectly known and predictable. These solutions would be less complex, and would either have a larger gain or would not require eNB knowledge about application response delay.
[bookmark: _Toc24063865]A configurable initial gap X is less complex and would provide a larger gain than ‘PUR L1 ACK for an application layer response’.
[bookmark: _Toc24063866]DRX in the PUR SS Window is less complex solution and would provide gains even if the application response delay cannot be predicted.
In summary, the new ‘PUR L1 ACK for an application layer response’ violates the RAN2 agreement on “The L1 ACK concludes the PUR procedure and UE moves to Idle”. Further, it is an optimization that could provide gains if eNB can accurately predict the application response delay. However, if that is the case a configurable initial gap X would be a less complex solution that would provide a larger gain.Because of this, and that this is not required for EDT, which is identical in terms of application layer response, we propose the following:
[bookmark: _Toc24063867]‘PUR L1 ACK for an application layer response’ is not introduced in Rel-16.
[bookmark: _Toc24063868]Consider the draft LS reply in R2-1915409.
Conclusion
In the previous sections we made the following observations: 
Observation 1	For the application layer response there is no difference between EDT and PUR.
Observation 2	Any increase in (M/N)PDCCH monitoring time will have a negative impact on UE energy consumption.
Observation 3	‘PUR L1 ACK for an application layer response’ could provide gain if the application layer response delay is known and always he same.
Observation 4	A configurable initial gap X is less complex and would provide a larger gain than ‘PUR L1 ACK for an application layer response’.
Observation 5	DRX in the PUR SS Window is less complex solution and would provide gains even if the application response delay cannot be predicted.

Based on the discussion in the previous sections we propose the following:
Proposal 1	‘PUR L1 ACK for an application layer response’ is not introduced in Rel-16.
Proposal 2	Consider the draft LS reply in R2-1915409.

[bookmark: _In-sequence_SDU_delivery]References
RP-191356, “Revised WID for Additional MTC enhancements for LTE”, Ericsson, RAN#84, Newport Beach, USA, June 2019.
[bookmark: _Ref7703255][bookmark: _Ref16540476][bookmark: _Hlk4353930]RP-192313, “WID revision: Additional enhancements for NB-IoT”, Futurewei, RAN#85, Newport Beach, USA, Sept 2019.
	4/4	
image1.png
Data arrival




image2.png
Data arrival




image3.png
Gap

PUR SS Window

Data arrival




