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Introduction
[bookmark: _GoBack]In RAN1#110 [1], preliminary evaluation assumptions were agreed to identify the power consumption on battery lift, eDRX, paging, new sleep mode and other RAN functionality for LPHAP service. In RAN#94-e meeting [2], it was reached that potential enhancements will be studied if found necessary based on evaluations. In this contribution, the potential enhancements on positioning in RRC_INACTIVE and/or RRC_IDLE states are discussed.

Positioning in power saving mode
In NR, RRC has three modes: IDLE, INACTIVE, CONNECTED, reflecting the connection status of a UE to the serving gNB and core network. For different RRC modes, different wireless resources are associated with the UE. RRC_IDLE UE wakes up periodically with downlink synchronization to the network to receive paging messages. To reduce power consumption, the UE sleeps for the rest of the time without data transmission. RRC_ INACTIVE mode can be seen as a trade-off between RRC_IDLE mode and RRC_CONNECTED mode, allowing UE to sleep in a similar way as RRC_IDLE mode, maintaining the RRC context between network and the UE, and transitioning from an RRC_ INACTIVE mode to an RRC_CONNECTED mode very quickly. Rel-17 supports RRC_INACTIVE positioning measurement without the need to switch to the RRC_CONNECTED mode to save signalling overhead and reduce latency.
In Rel-17, for the RRC_IDLE/RRC_INACTIVE mode, the paging early indication (PEI) can be set, which informs the user whether there is a paging message in the subsequent paging cycle. If PEI indicates no paging coming, the user can continue to sleep without waking up. When the user is indicated to detect the paging opportunity and the paging is not detected, the user enters a sleep state. While at this time, the network configures the user to perform positioning measurement or SRS transmission. The user has to wake up from the sleep state, synchronize for uplink and downlink, and then perform positioning measurement or SRS transmission.  The procedure at the UE side can be: waking up --- position measurement --- sleeping --- waking up --- paging detection --- sleeping，which results in additional synchronization and additional power consumption. According to the power analysis of the terminal manufacturer, the synchronization after deep sleep brings greater power consumption.
As shown in Figure 1, the user performs paging detection in each paging cycle, synchronizes with the serving gNB before paging detection. And when positioning, if the user is out of synchronization, it needs to perform synchronous detection again. 


 	Figure 1 Positioning in power saving mode

Proposal 1: 
· The procedure of low power positioning should consider the impact of Paging Early Indication for a UE in RRC_IDLE/RRC_INACTIVE mode.
UL Positioning for low power and high accuracy
When the user is in a RRC_IDLE state, the user will be out of uplink synchronization. In order to be synchronized with the uplink, the user will send a PRACH signal, which is used by the serving and neighbour gNBs to achieve the uplink synchronization. In order to reduce power consumption and latency, the preamble sequence can also be used as the UL positioning reference signal for rough position, which is as the pre-processing for fine positioning to reduce the complexity. The positioning accuracy with PRACH signal is determined by the following factors:
· TA granularity
· PRACH SCS and length 
· DL synchronization accuracy
In NR, TA granularity is related with SCS of Msg3 and smaller TA granularity results in higher positioning accuracy as shown in Table 1.
		Table 1: TA granularity impact on positioning error
	SCS
	TA granularity
	Positioning error

	15k Hz
	0.52us
	78m

	30k Hz
	0.26us
	39m

	60k Hz
	0.13us
	19m

	120k Hz
	0.07us
	10m


The SCS and length of PRACH also determine the accuracy of the UL timing estimation. If PRACH SCS =1.25KHz and length =839, the preamble sample spacing in the time domain is 0.95 us, so the positioning error can be 300m.
PRACH SCS= 1.25k Hz

PRACH length =839，
sample spacing =0.95 us, 
timing error =300m


              
Figure 2 Illustration of timing accuracy with PRACH
Another factor affecting the positioning accuracy with PRACH is the accuracy of DL synchronization. As shown in the Figure 3，TA is the UL timing adjustment based on downlink timing. Larger error in downlink synchronization will induce large error in uplink timing.
 [image: ]
Figure 3 UL timing to DL timing
The normal DL synchronization algorithm is sliding and correlation, as shown in Figure 4. A window as shown with the curves in different colours is sliding along the time axis. When the sliding window goes to a new point, the received signal in the window is correlated to the local sequence. The point with the highest correlation result is the synchronized point. For higher positioning accuracy with PRACH, advanced DL synchronization method should be supported by UEs.
  Received signal
Sliding window with Local sequence

Figure 4 Illustration of sliding and correlation algorithm


Proposal 2: 
· For power saving and latency reduction for RRC_IDLE/INACTIVE UEs, positioning with PRACH preamble should be studied from the perspectives of TA granularity, PRACH SCS and length and DL synchronization accuracy.

Transmission of SRS is power consumption, but for the UL positioning, the position estimation is implemented by the serving gNB. For the lower accuracy estimation method, e.g. ECID, DL positioning is more power saving than UL positioning. For the higher accuracy position estimation, advanced algorithm is used, which is power consumption as discussed in Rel-17, and the power consumption of SRS transmission and higher accuracy DL positioning method should be evaluated. 

Proposal 3: 
· The power consumption of SRS transmission and higher accuracy DL positioning method should be evaluated.

Conclusion
In this contribution, we discussed low power and high accuracy positioning for UEs in RRC_IDLE/ RRC_INACTVE mode, and our proposals are summarized below: 

Proposal 1: 
· The procedure of low power positioning should consider the impact of Paging Early Indication for UE in RRC_IDLE/RRC_INACTIVE mode

Proposal 2: 
· For power saving and latency reduction for RRC_IDLE/INACTIVE UEs, positioning with PRACH preamble should be studied from the perspectives of TA granularity, PRACH SCS and length and DL synchronization accuracy.

Proposal 3: 
· The power consumption of SRS transmission and higher accuracy DL positioning method should be evaluated.
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