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1	Introduction
Inactive mode positioning is currently being discussed in RAN2. There are several factors that still needs to be considered. We underline and discuss some of these aspects in this paper.
· Segmentation
· TA Validation
· State Transition Handling
· Aperiodic UL SRS in Inactive Mode
· Obtaining posSIB in Inactive Mode
· Assistance Data for CG-SDT

[bookmark: _Ref178064866]2	Discussion
2.1	Segmentation
Current LPP segmentation defined in the specification is mainly because of NAS transport layer constraints that is put on the LPP layer. The intention is not to segment so that the lower layers can accommodate the data. The lower layer constrains are handled in RLC with RLC segmentation but not by LPP.
Hence, LPP segmentation to fit the content using SDT procedure is against the normal mode of operation. NW may have to configure several small chunks of resources which may also lead to resource fragmentation and not a good utilization. It may simplify if UE transits to connected mode.
[bookmark: _Toc85729591]LPP segmentation to fit the content for transmission using SDT procedure is against the modus operandi.
When the LPP content comes to lower layer then the content should be checked against the configured DVT. If the LPP data size is lower than the DVT; and if UL grant is not adequate there can be RLC segmentation. In such cases, NW may provide resources for subsequent transmission using SDT procedure.
If the size of UL data is bigger than that of the UL grant, UE can send the BSR in the first UL SDT which indicates there is more data needed to be transmitted, and then the network will assign the subsequent UL grant after receiving the first UL SDT.
[bookmark: _Toc85729595]LPP Segmentation to fit the content for transmission using SDT procedure is not allowed.
[bookmark: _Toc85729596]UE sends the BSR in the first UL SDT which indicates there is more data needed to be transmitted provided the size of UL data is bigger than that of the UL grant

2.2	TA Validation
TA may remain constant for stationary device. For these devices as well, they are required to validate the TA. Positioning involves UE in motion. The TA would be valid for very short time. During connected mode there would be several TA adjustments to synchronize the UE and perform power control and minimize interference. How would TA be adjusted while UE is in motion should be investigated before simply adopting a procedure which has been primarily designed for stationary UE; using PUR for example.
RAN1 should do such investigation or RAN2 should limit the positioning use case for stationary UEs only. 
[bookmark: _Toc85729597]Send a LS to RAN1 to investigate how TA can be adjusted in inactive mode or limit the use case such that inactive mode positioning is valid only for UEs which are fixed.

2.3	State Transition handling
UE behaviour during State Transition while configured to perform positioning measurements or to transmit UL SRS needs to be discussed. For example; for UL SRS Tx in Inactive mode, only open loop power control is allowed while in connected mode closed loop power control also would be operational. Can UE continue UL SRS Tx that was configured for inactive mode when UE switches from Inactive mode to Connected mode for some other reason such as voice call, being paged. For example, can UE continue the ongoing measurements in the new RRC state, or should it be discarded? Should gNB release inactive mode configuration and provide new configuration or can UE continue? If gNB releases and provides new configuration, will there be any notification to LMF so that LMF can inform other listening (gNBs/TRPs) that current configuration is aborted, and new configuration is applied. In such case, LMF may need to be notified about the failure reason “change of UE RRC states”.
But important aspect is whether UE can continue to transmit UL SRS while there is state transition using previous inactive mode configurations/resources? This should be a question to RAN1/RAN4.
[bookmark: _Toc85729598]RAN2 to send a LS to RAN1/RAN4 asking whether UL SRS Tx can be continued or aborted when UE switches from Inactive to connected mode.
 
Similarly, when UE has been configured to perform DL-TDOA measurements in inactive mode and UE switches to connected mode for any other reasons such as voice call; can UE continue performing the measurements in connected mode. Gaps are needs for positioning measurements in connected mode. Therefore, they will be additional delay in configuring the gaps. Impact of this additional delay on the accuracy can better be assessed by RAN4. Should it stay in connected mode until the measurements are over or should it switch to inactive mode and continue (assuming voice session is released)? Would the measurements performed in various states be valid?
RAN2 should check with RAN4 on the measurement accuracy and requirements and whether combining measurements performed at different RRC states does not pose any accuracy limitations.
[bookmark: _Toc85729599]RAN2 to send a LS to RAN4 asking UE measurements validity when UE has performed measurements in different RRC states. Should the previous measurements be discarded, or can it be continued after state transition.


2.4	Aperiodic UL SRS Tx
Configuring UTDOA requires lot of signalling. Lot of preparation needs to be done before hand. Hence it may not be justified that for a single shot measurement so much of preparation is done. As such during periodic or SP UL SRS transmission; to boost current UL SRS Tx; aperiodic Tx may be desired. However, for inactive mode as NW cannot reach to the UE (no MT-SDT procedure or only by means of paging); thus, it does not justify transmitting aperiodic UL SRS

[bookmark: _Toc85729600]Aperiodic UL SRS Transmission in Inactive mode is not supported.

2.5	SDT for posSIB retrieval 
One important use case that SDT should be used is obtaining posSIBs in Inactive mode using SDT framework. As discussed in Rel-16, there are several posSIBs with varying nature; where some are static and large. Broadcasting these would consume lot of radio resource and power and the use of broadcast for these sorts of posSIBs when there are few users is meaningless. 
On Demand SI functionality using Rel-15 has drawback in terms of latency. The UE has to perform initial access and inform gNB which system info is needed; after that it has to wait for certain duration for the broadcast to be enabled. Each SIB has its own periodicity; so worst-case waiting time is equal to SIB periodicity.
On Demand SI functionality using Rel-16 connected mode has also drawback where UE cannot go to connected mode just for obtaining SIBs.
Hence a balance approach is to use SDT. To enable UE to save power and reduce latency.
[bookmark: _Toc85729592]On Demand SI Rel- 15 functionality is delay prone and Rel-16 does not allow UE to transit to connected mode just for SIB retrieval.

Also, from NW perspective to reduce power and resource. Broadcast channel consumes more power and resources than dedicated.

UE
NW
RA msg1
RRCresumeReq + Data + SIB Req.
RA response msg2
RRC Release + DL Assignment
RRC SIB 
RRC INACTIVE
RRC INACTIVE
UE
NW
MSGA (RA + RRCresumeReq + Data + SIB Req)
RRC SIB 
RRC INACTIVE
RRC INACTIVE
MSGB (RRCrelease + DL Assignment)


The changes needed to support this is minor. UE just needs to insert the SIB request as part of RRC Resume Request message for example for the msg3 case.
The msg3 would then comprise of
MAC CE + RRC Resume Request + RRC System Info Request Msg

[bookmark: _Toc71576546][bookmark: _Toc79080301][bookmark: _Toc85729601]Support of posSIB retrieval using SDT in Inactive mode
2.6	Dedicated Delivery
As discussed during Rel-16, in order to avoid resource allocation of any SI Window for posSIBs which would be provided via unicast, a unicast tag should be provided. This will also allow UE to save power by not having to monitor to broadcast as NW will anyway provide by means of unicast.
The impacts of introducing a dedicated delivery tag is small whereas the benefits are large. 
· NW does not need to reserve the SI resource which are to be sent via dedicated signaling. This allows more resources for SI that needs to be scheduled
· UE can save power by not having to listen to broadcast as it knows NW will send only via dedicated signaling such as DL SDT or RRCReconfiguration message.


PosSchedulingInfo-r16 ::= SEQUENCE {
    offsetToSI-Used-r16          ENUMERATED {true}                                              OPTIONAL,  -- Need R
    posSI-Periodicity-r16        ENUMERATED {rf8, rf16, rf32, rf64, rf128, rf256, rf512},
    posSI-BroadcastStatus-r16    ENUMERATED {broadcasting, notBroadcasting},
    posSIB-MappingInfo-r16       PosSIB-MappingInfo-r16,
    ...,
	[[
	posSI-DedicatedDelivery-r17    	ENUMERATED {true}						OPTIONAL –Need R,
	]]
}

posSI-DedicatedDelivery
Indicates if the SI message is provided by means of only dedicated delivery. The field posSI-BroadcastStatus is ignored when posSI-DedicatedDelivery is set to true.
[bookmark: _Toc85729602]Dedicated Delivery using Unicast tag is supported for posSIB retrieval 

2.7	Assistance Data for CG-SDT
gNB needs to configure CG-SDT resource. It may be unpredictable as what sort of data size that UE needs to convey. Depending upon propagation environment i.e LOS/NLOS conditions (multipath); the measurement size may vary. Further, the AD configuration as how many TRPs the UE is supposed to measure would also influence. As such, the UE may not determine the needed UL grant size. The main information needed by gNB is some sort of QoS for Positioning to dimension the CG-SDT resource. The deferred positioning procedure periodicity, measurement periodicity, response Time, accuracy requirements etc. These information about positioning requirement characteristic can be conveyed from LMF.
[bookmark: _Toc85729593]UE cannot judge the positioning data size in advance. It would simply increase the Uu load. Instead some indication can be sent via LMF which gNB can use to dimension the CG-SDT resources.
One way to enhance the CG-SDT would be that LMF informs the needed positioning QoS in terms of latency and accuracy. The SA2 specification broadly categorizes the latency requirements in three categories: no delay, low delay and delay tolerant [TS 23.273].
A broad level accuracy categorization can be provided by LMF in terms of positioning accuracy. If the requirement in terms of accuracy is high, it is expected that the UE has to provide large data, similarly if the accuracy requirement is low, the resulting measurement report from UE does not need to be large.
The positioning QoS information from LMF to gNB can help gNB to decide what sort of UL grant be required by the UE; whether a large UL grant with small periodicity or small UL grant with large periodicity is enough.



Fig 2:	gNB Allocates UL grant periodicity dependent upon the QoS latency (short or large periodicity)


[bookmark: _Toc79080303][bookmark: _Toc85729594]If gNB is aware of positioning requirements, it can allocate the resources efficiently. 




[bookmark: _Toc79080297][bookmark: _Toc85729603]LMF provides the configured measurement periodicity and positioning requirements to gNB. 
[bookmark: _Toc79080298][bookmark: _Toc85729604]RAN2 to send an LS to RAN3 to include additional information of positioning requirements in NRPPa


Conclusion
In the previous sections we made the following observations: 
Observation 1	LPP segmentation to fit the content for transmission using SDT procedure is against the modus operandi.
Observation 2	On Demand SI Rel- 15 functionality is delay prone and Rel-16 does not allow UE to transit to connected mode just for SIB retrieval.
Observation 3	UE cannot judge the positioning data size in advance. It would simply increase the Uu load. Instead some indication can be sent via LMF which gNB can use to dimension the CG-SDT resources.
Observation 4	If gNB is aware of positioning requirements, it can allocate the resources efficiently.


Based on the discussion in the previous sections we propose the following:
Proposal 1	LPP Segmentation to fit the content for transmission using SDT procedure is not allowed.
Proposal 2	UE sends the BSR in the first UL SDT which indicates there is more data needed to be transmitted provided the size of UL data is bigger than that of the UL grant
Proposal 3	Send a LS to RAN1 to investigate how TA can be adjusted in inactive mode or limit the use case such that inactive mode positioning is valid only for UEs which are fixed.
Proposal 4	RAN2 to send a LS to RAN1/RAN4 asking whether UL SRS Tx can be continued or aborted when UE switches from Inactive to connected mode.
Proposal 5	RAN2 to send a LS to RAN4 asking UE measurements validity when UE has performed measurements in different RRC states. Should the previous measurements be discarded, or can it be continued after state transition.
Proposal 6	Aperiodic UL SRS Transmission in Inactive mode is not supported.
Proposal 7	Support of posSIB retrieval using SDT in Inactive mode
Proposal 8	Dedicated Delivery using Unicast tag is supported for posSIB retrieval
Proposal 9	LMF provides the configured measurement periodicity and positioning requirements to gNB.
Proposal 10	RAN2 to send an LS to RAN3 to include additional information of positioning requirements in NRPPa
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