

[bookmark: _Ref452454252]3GPP TSG-RAN WG2 Meeting #107	R2-1911304
[bookmark: _Hlk4683017]Prague, Czech, 26th - 30th August, 2019	

Agenda item:	11.11.5
Source:	Qualcomm Inc
Title:	UE Indication on expected data
[bookmark: _Hlk506366071][bookmark: _Hlk4683147]WID/SID:	FS_NR_UE_pow_sav
Document for:	Discussion and Decision
Introduction
 (
Specify, if agreed, the mechanism to provide UE assistance information [RAN2, RAN1]:
 
Study and select amongst the following UE assistance information for RAN2 by RAN#85:
power preferred information (baseline LTE PPI in a well-defined manner) and UE's preferenc
e 
on C-DRX, BWP and SCell configuration [RAN2]
.
)In Rel-16 Power Saving WID, network and/or UE assistance information is included as one of the topics to be studied. 
In this paper, we discuss scenarios where it is beneficial for UE to indicate to network expected changes in its traffic, to help UE save more powers. 
Discussion
In some use cases, UE may have knowledge about upcoming changes in its traffic. For example,
· UE may be able to know which application user has started using, or which type of object (e.g. a large video) user has just requested, etc. This allows UE to predict when a burst may be coming and how big it may be;   
· UE may be able to know that user traffic has stopped, e.g. user is reading a web page or has switched to an app that does not require data connection. 
UE can obtain such information from app processor if UE is integrated with app processor, or it can generate the information itself by applying techniques such as machine learning to past traffic. 

Observation 1. There are cases where UE may have knowledge about upcoming changes in its traffic. 

We believe it is beneficial for UE to share such information with network, because network then potentially can use this information to adjust UE’s power state or radio resource configuration to best match UE’s new traffic load. For example, 
· If network knows that UE has a large burst coming and this burst is too large for UE’s current bandwidth to handle, it can either switch UE’s serving cells to wider BWPs or activate more SCells for UE to use. In addition, if UE can send this indication some time before data burst arrives, it would give network enough time to perform those reconfigurations (e.g. SCell activation may take ~20msec or more), so that data burst can be handled without delay when it arrives. This ensures good user experience. And the sooner a burst can be scheduled, the more power can be saved. Similar idea was also proposed in [1].   
· If network knows that UE does not expect more data in the near future, it can allow UE to terminate its DRX active time early. That would save power for UE. Similar idea was also proposed in [2].

Observation 2. Such knowledge, if shared with network, can help network adjust UE’s power state and/or radio resources.
In the following, we discuss how to implement such an indication in the above two use cases. 
UE indication of upcoming burst
When UE sends an indication to network about an upcoming burst, we think the following information is useful to be included in the indication:
· The size of the burst
· The estimated arrival time of the burst from the slot in which this indication is sent
· The logical channel group associated with the data.
We think it may be necessary to have some “prohibition” mechanism to prevent UE from sending too many unnecessary indications to network. One way is to have network configure a threshold for reporting, i.e. UE is permitted to send the indication only if the expected burst is larger than the configured threshold.  
Proposal 1. 	UE can send indication to network about its upcoming burst (e.g. estimated size and arrival time), if the size of the burst exceeds a reporting threshold configured by network.
UE request for entering DRX off time
We think that this use case is very similar to LTE’s RAI feature in nature, except that it works on a shorter timer scale, i.e. after UE’s indication is received, UE’s DRX active time instead of RRC connection is terminated. In LTE’s RAI, UE’s indication does not trigger connection release unless network has already activated the feature (i.e. by configuring rai_Activation). This mechanism in necessary because it can prevent UE from sending too many unnecessary UL requests, as UE may not have good knowledge of whether downlink traffic has fully stopped or not. We think the same idea can be applied in this use case too.    
After network activates UE indication, UE can send an indication to network when it does not expect more traffic in the near future. After network receives UE’s indication, it sends a DRX MAC CE to terminate UE’s DRX inactivity timer. 
Proposal 2. 	If enabled, UE can send indication to network when it does not expect more traffic in the near future. After network receives this indication, it can send a DRX MAC CE to end UE’s DRX active time.
How UE indication should be signalled
We see two options how this UE indication can be signalled: it can be sent either in a MAC CE or in UE Assistance Information (UAI). 
We think the MAC CE option has more advantages than the UAI option:
· First, the expected actions by network after receiving a UE indication are all MAC layer procedures, e.g. DRX state change, SCell activation or BWP switching, etc. Whereas in the UAI option, an indication has to be sent to RRC, then RRC sends an indication to MAC layer to perform those procedures. In case of EN-DC, processing involved can be even worse – indication is first sent to RRC entity located in MCG, then it signals MAC entity in the SCG to perform those MAC layer procedure. Therefore, it is more efficient that indications are handled completely by the local MAC entity. 
· MAC CE based indication allows it to be used in RRC Idle/Inactive as well. When UE expects a large burst coming, it initiates RACH procedure to performs RRC Connection setup. In the msgA or msg3, UE can include this MAC CE based indication (similar to how BSR may be included in those messages), which then helps network determine early how to configure radio resources for UE.
· Lastly, MAC CE processing is faster than RRC processing. This is desirable especially in the second use case, because it allows UE to enter DRX off timer sooner.  
Proposal 3. 	Introduce a new MAC CE to signal the UE indications described above. 
Conclusion
Based on the above discussion, we make the following observations and recommend RAN2 to discuss and adopt the following proposals:   
Observation 1. There are cases where UE may have knowledge about upcoming changes in its traffic.
Observation 2. Such knowledge, if shared with network, can help network adjust UE’s power state and/or radio resources.
Proposal 1. 	UE can send indication to network about its upcoming burst (e.g. estimated size and arrival time), if the size of the burst exceeds a reporting threshold configured by network.
Proposal 2. 	If enabled, UE can send indication to network when it does not expect more traffic in the near future. After network receives this indication, it can send a DRX MAC CE to end UE’s DRX active time.
Proposal 3. 	Introduce a new MAC CE to signal the UE indications described above. 
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