[bookmark: _GoBack]3GPP TSG-RAN WG2 Meeting #111 electronic	R2-2006799
Online, August 17th - 28th, 2020	


Agenda Item:	8.10.2.1
Source:	Panasonic
Title:	Discussion on DRX and BSR in NTN
Document for:	Discussion, Decision

In this contribution, we discuss the details on 
· drx-InactivityTimer and drx-RetransmissionTimerDL caused by blind retransmissions
· Mechanism to reduce UE’s power consumption caused by large RTT when UE sends SR transmission during DRX off period
· Impact on BSR procedure due to enabling/disabling of HARQ uplink retransmission per HARQ process & per LCH basics
and provide our views accordingly.
Discussion
Impact on drx-InactivityTimer and drx- RetransmissionTimerDL
In RAN2#108 [2], the impact of disabling HARQ feedback and blind retransmission on DRX was shortly discussed, and the following options was agreed and captured in the technical report TR 38.821 [1]: 
●	On drx-InactivityTimer:
-	Use legacy drx-InactivityTimer in order to give gNB time to schedule blind HARQ (re)transmissions.
-	Use a dedicated drx-InactivityTimer for blind HARQ (re)transmissions. 
●	Start of drx-RetransmissionTimerDL may have a different set of solutions:
-	Can be started when the UE receives a PDCCH scheduling data.
-	Can be scheduled by PDCCH, where the details can be discussed during a work-item phase.
According to TS38.321 [3], HARQ retransmission can be performed based on the HARQ feedback from UE. However, if HARQ feedback is disabled, UE doesn’t send any HARQ feedback which may have some impact on drx-HARQ-RTT-Timer. Furthermore, we think the behaviour of drx-HARQ-RTT-Timer can be depended largely on how UE extends the active time to receive blind HARQ retransmissions. As described in TR 38.821, the extension of active time can be handled with following two alternatives.

Option 1: drx-HARQ-RTT-Timer is disabled 

In this option, UE doesn’t start drx-HARQ-RTT-Timer. As a consequence, UE doesn’t start                                         drx-RetransmissionTimerDL when decoding of a TB for HARQ process fails and simply rely on drx-InactivityTimer to receive blind HARQ retransmission as shown in figure 1. Therefore, the value of drx-InactivityTimer is expected to be configured such that it is sufficiently long for UE to stay active to receive the blind HARQ retransmissions. Furthermore, drx-InactivityTimer is per UE which means if gNB configures a longer value of the drx-InactivityTimer in order to accommodate blind retransmissions, but it could possible the actual transmission may not have new transmission and/or blind retrasnmissions, then the UE remain active (awake) unnecessarily until the drx-InactivityTimer expires or DRX command MAC CE is received, even after the decoding is successful. The advantage of this option is gNB can schedule the other TBs during this awake time when gNB has more TBs. The demerit is UE can be awake longer when gNB does not have any more TBs, which should be compensated by DRX command MAC CE or possible enhancement of DCI based DRX command.



Figure 1: Blind HARQ retransmission based on longer value of drx-InactivityTimer


Option 2: drx-HARQ-RTT-Timer is set 0 

The value zero for the drx-HARQ-RTT-Timer is already supported by current specification. Hence, UE can rely on the network to configure this timer as 0 when HARQ feedback is disable. If the value 0 is configured for drx-HARQ-RTT-Timer and the TB of corresponding HARQ process was not successfully decoded, the UE considers the drx-HARQ-RTT-Timer as expired immediately and starts drx-RetransmissionTimer to receive blind HARQ retransmission from gNB. Moreover, UE is not aware number of blind retransmission. So if UE restarts drx-RetransmissionTimer when TB is not successfully decoded then there might be unnecessary power consumption if gNB is not scheduling any further retransmission as shown in Figure 2a. Hence, we propose drx-RetransmissionTimer is expected to run continuously to receive blind HARQ retransmission until it expires or until the TB of corresponding HARQ process is successfully decoded as shown in figure 2b and figure 2c. Furthermore, UE starts drx-RetransmissionTimer and drx-HARQ-RTT-Timer per HARQ process. The merit of this option is UE doesn’t start drx-HARQ-RTT-Timer and drx-RetransmissionTimer if the TB is successfully decoded which enables UE to sleep earlier and reduce power consumption. The demerit is UE and gNB does not have the same understanding of DRX status of UE when the TB is decoded earlier than gNB's assuming required number of retransmissions. In such case, gNB is not able to schedule any more other TBs. 

Comparing two options, option 1 would be more under the gNB control of UE DRX status and option 2 could have more chance of longer sleep period with the cost of possible inconsistent status of UE DRX status between UE and gNB.





Figure 2a: drx-RetransmissionTimer Restarts when TB is not successfully decoded


Figure 2b: drx-RetransmissionTimer expires



Figure 2c: UE stops drx-RetransmissionTimer

Observation 1: For NTN blind retransmissions without HARQ feedback, to use drx-InactivityTimer is more gNB control of UE DRX status handling and to use drx-RetransmissionTimer is more optimized for UE power saving with the cost of possible inconsistent DRX status between gNB and UE.
Proposal 1: We kindly ask RAN2 to discuss following two options for drx-HARQ-RTT-Timer when HARQ feedback is disabled:
Option 1: UE disables drx-HARQ-RTT-Timer ( or does not start the Timer) for the purpose of drx-InactivityTimer to cover blind HARQ retransmission.
Option 2: Network configures drx-HARQ-RTT-Timer value to zero for the purpose of drx-RetrasnmissionTimer to cover blind HARQ retransmission.

SR transmission during DRX off period
In DRX off period, when an SR is sent on PUCCH and is pending, UE goes to DRX active time during which it monitors PDCCH. However, the UE may not be scheduled immediately after sending SR due to the large RTT of an NTN. As a result, the UE consumes considerable power while monitoring PDCCH and waiting to receive the SR response by the gNB. This issue was briefly discussed in the RAN2#108 meeting and it was agreed that network configures offset to the UE for monitoring UL resources after the SR is sent which was captured in the technical report TR 38.821 [1].
According to TS38.321, the Scheduling Request (SR) is used for requesting UL-SCH resources for new transmission. Each SR configuration corresponds to one or more logical channels. Each logical channel may be mapped to zero or one SR configuration, which is configured by RRC. The purpose for this mapping between SR configuration and LCH is to make the network somehow be aware of which traffic type is requesting uplink resources. By doing mapping between LCH and SR configuration, the network is aware of the LCH that triggers the SR. For example, each specific logical channel can be configured with a different SR configuration, so that when an SR is received, the network is aware of the LCH [2]. Since SR is configured according to priority of services, we propose the value of offset to the UE for monitoring UL resources after the SR is sent, can be configured individually in each SR configuration. For example, SR with higher priority would be configured with relatively smaller offset value and similarly, SR with lower priority would be configured with relatively larger offset value. After SR is sent, UE applies offset value corresponding to SR configuration. 
Proposal 2: In NTN, offset to the UE for monitoring UL resources after the SR is sent is configured individually in each SR configuration that enables UE to save more power and allows more scheduling flexibility to low priority services. 
Impact on BSR procedure
RAN2 agreed network could enable or disable the HARQ uplink retransmission at the UE transmitter based on the service requirement in terms of reliability and throughput. NW could enable the HARQ UL retransmission for high reliability and low rate service with small and infrequent data whereas NW could disable the HARQ UL retransmission for high rate eMBB services and low reliability services. Furthermore, it was agreed that the enabling / disabling of HARQ uplink retransmission could be configurable on a per UE, per HARQ process and per LCH basis which was captured in the technical report TR 38.821 [1].
During the NTN study item phase, RAN2 agreed that the current 5 step SR procedure is not suitable in NTN due to larger RTT. In order to compensate RTT, following solutions was discussed and captured in the technical report TR 38.821 [1].
	Scheduling option
	Pros
	Cons
	Delays*

	SR-BSR procedure
	- Low resource overhead required
	- Large delays
	At least 2 RTTs of delay

	Sending large grant in response to SR
	- Potentially low resource overhead
	- Still takes 2 RTTs before UE has the BSR
- Might be a waste in terms of resources since network is still not aware of the buffer situation of the UE
	1 – 2 RTTs

	Configured grant
	- Low latency with right configuration
	- Large overhead
- Trade-off between latency and overhead
	0 – 1 RTT**

	BSR-indication in SR
	- Low latency with correct configuration
	- Large spec-impact
- Resource overhead impact unclear, larger than SR
	1 RTT

	BSR over 2-step random access
	- Low latency
- Low overhead
	- RACH resources required
	0 – 1 RTT**



We have identified the BSR impact on above all listed options. The use of buffer status report is for the UE to report the amount of available data in the UE to the network. Furthermore, buffer status report contains information on the amount of data available per Logical Channel Group (LCG). 
Observation 2: BSR is used to report UL buffer per logical channel groups. 
During the NTN study item phase RAN2 agreed that the enabling / disabling of HARQ feedback can be configurable on a per UE, per LCH and per HARQ process basis via RRC signalling. If enabling or disabling of HARQ feedback is a per LCH and per HARQ process, current BSR format would be inappropriate because BSR provide only the amount of data for each logical channel group (LCG) and does not provide information of data available for each logical channel. Therefore, when network receives BSR request, it could not determine whether BSR is trigger due to LCH that have enable the HARQ feedback or disable the HARQ feedback or both. As a result, network would not know whether to allocate UL resources corresponds to HARQ feedback enable or HARQ feedback disable or both. 


Figure 3: Example of mapping of logical channel (LCH) to logical channel group (LCG)
For example, as shown in Figure 3, when UE reports BSR for LCG 0, network may not determine whether BSR is triggered due to LCH3 or LCH1/LCH2. Therefore, the LCH with HARQ feedback enable and the LCH with HARQ feedback disable should not coexist within the same LCG. 
Proposal 3: If enabling or disabling of HARQ feedback is a per LCH and per HARQ process, network should not configure the LCH with HARQ feedback enable and the LCH with HARQ feedback disable within the same LCG.
Conclusions
In this contribution, we discussed the details on DRX and BSR. Additionally, we ask RAN2 to discuss the following observations and proposals: 
Observation 1: For NTN blind retransmissions without HARQ feedback, to use drx-InactivityTimer is more gNB control of UE DRX status handling and to use drx-RetransmissionTimer is more optimized for UE power saving with the cost of possible inconsistent DRX status between gNB and UE.
Proposal 1: We kindly ask RAN2 to discuss following two options for drx-HARQ-RTT-Timer when HARQ feedback is disabled:
Option 1: UE disables drx-HARQ-RTT-Timer ( or does not start the Timer) for the purpose of drx-InactivityTimer to cover blind HARQ retransmission.
Option 2: Network configures drx-HARQ-RTT-Timer value to zero for the purpose of drx-RetrasnmissionTimer to cover blind HARQ retransmission.
Proposal 2: In NTN, offset to the UE for monitoring UL resources after the SR is sent is configured individually in each SR configuration that enables UE to save more power and allows more scheduling flexibility to low priority services. 
Observation 2: BSR is used to report UL buffer per logical channel groups. 
Proposal 3: If enabling or disabling of HARQ feedback is a per LCH and per HARQ process, network should not configure the LCH with HARQ feedback enable and the LCH with HARQ feedback disable within the same LCG.
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