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Introduction
The Rel-18 SID [1] investigates positioning accuracy enhancement with advanced techniques of bandwidth aggregation and carrier phase measurement. RAN4 has been assigned the two following two objectives.
	· Improved accuracy, integrity, and power efficiency:
· Study solutions for accuracy improvement based on PRS/SRS bandwidth aggregation for intra-band carriers considering e.g. timing errors, phase coherency, frequency errors, power imbalance, etc [RAN4]:
· Study solutions for accuracy improvement based on NR carrier phase measurements [RAN1, RAN4]
· Reference signals, physical layer measurements, physical layer procedures to enable positioning based on NR carrier phase measurements for both UE-based and UE-assisted positioning [RAN1]
· Focus on reuse of existing PRS and SRS, with new reference signals only considered if found necessary




At RAN4 #104-e, the discussion for bandwidth aggregation on RF characteristics started [2] with following agreements in the WF [3]. 
	Agreements:
· Intra-band contiguous CA scenario will be prioritized in study.
· Deprioritize power imbalance discussion
· PRS/SRS bandwidth aggregation for intra-band contiguous carrier is feasible for single chain Tx/Rx architectures



At RAN4 #104_bis_e, we discussed two main topics, including:PRS\SRS bandwidth aggregation for intra-band carriers and NR carrier phase measurements. We have discussed several issues in each topic and reached several agreements. According to time budget allocation for the SID [1], RAN4 will continue to be tasked to analyze RRM impacts for both NR accuracy improvements, which are discussed on high level in this contribution.
Discussion
PRS/SRS bandwidth aggregation
At RAN4#104_bis_e, we have reached the agreements towards the PRS/SRS bandwidth aggregation as below:
	Agreement:
· For PRS bandwidth aggregation, a common numerology is required across all intra-band contiguous PFLs to be aggregated;
· PRS resources to be aggregated for MC positioning measurements from different PFLs can have different bandwidths (i.e. different number of PRS RBs);
· To study the RRM impact, prioritize the aggregation of PRS or SRS transmitted in the same slot and in the same symbols from the intra-band contiguous PFLs;
· Number of intra-band contiguous PFLs for the aggregation of PRS or SRS is up to RF agreements;
· To study the RRM impact, the number of PFLs is the same as the number of PFLs agreed in RF session.



According to the agreements in #104_bis_e, we deeply consider the relationship between the PRS/SRS bandwidth aggregation and the MC positioning enhancement. For this topic we discussed the conditions or assumptions for the PRS/SRS aggregation, i.e. PRS BW of carriers, numerology across carriers, proximity of carriers in frequency and time domains etc. 
Firstly, we do the illustration on carrier aggregation (CA) as below:
[image: CA_3]
Figure 1  PRS bandwidth aggregation

As shown in figure1, i.e. we have three component carriers (CCs), the CC1 is 5M and the rest of CCs are 10M. For multi-carrier positioning measurement, we aggregate three CCs into “one” carrier, it equals the transmitted channel is 25M. And then we have the wider transmitted channel to transmit the signals  simultaneously.
RAN4 has agreed to prioritize the intra-band contiguous CA scenario, we have two choices[5] :
· Intra-band contiguous CA with simultaneous PRS/SRS transmission;
· Intra-band contiguous CA with separate PRS/SRS transmission.
In the last meeting, we prefer the first choice, i.e. multiple PRS/SRS resources in different CCs are transmitted on the same symbols in the same slot. This is advantageous from delay and processing gain perspective. For PRS transmission, the PRS BW can be different, that is, the aggregated PFLs/carriers will have same numerology, so the different BW can only be due to different RB numbers. For PRS CA, although RF session confirmed its feasibility with single chain architecture, but the timing error requirements are not determined. Based on these, we deem that the time difference between PRS/SRS CCs is vital for RAN4 to study. 



CP Length for Different Subcarriers
Below is the summary of Cyclic Prefix duration. Each numerology has 2 long symbols per 1 ms subframe. These longer symbols are generated by increasing the duration of the normal cyclic prefix, to ensure that each numerology has an integer number of symbols within each 0.5 ms time window, while also ensuring that as many symbol boundaries as possible coincide, e.g. every symbol boundary belonging to the 15 kHz subcarrier spacing coincides with every second symbol boundary belonging to the 30 kHz subcarrier spacing.
[image: length_CP_SCS]
Figure 2  Cyclic Prefix duration from different SCS

Maximum Receive Timing Difference (MRTD)
If we study the time difference between the PRS/SRS CCs, what the key principle we should obey is the time difference between the PRS/SRS CCs should be smaller than the length of cyclic prefix (CP) based on the intra-band contigous NR CA scenario. Generally, we have a criteria to evaluate the time difference between the PRS/SRS CCs, that is, receive time difference from different CCs, it's Maximum Receive Timing Difference (MRTD). There are two aspects to influence the MRTD: 
· NR Base station transmits signal from two or more antennas. For carrier aggregation, the carriers may also be transmitted from different antennas. For mobile device to properly receive and decode the signals from multiple antennas, it is required the signal frames must aligned in time with the defined range.
· Co-located TRPs or none co-located TRPs. None co-location causes the receive time differences for UE. And in the last meeting, we have agreed that PRS resources in different PFLs/carriers to be aggregated for MC positioning measurements, shall be transmitted by the same TRP or co-located TRPs. So we can ignore the influence of none co-located TRPs.
For intra-band CA, only co-located deployment is applied. For intra-band non-contiguous NR carrier aggregation, the UE shall be capable of handling at least a relative receive timing difference between slot timing of different carriers to be aggregated at the UE receiver as shown:
	Frequency Range
	Maximum receive timing difference (µs) 

	FR1
	31

	FR2-1
	0.26

	Note 1:	In the case of different SCS on different CCs, if the receive time difference exceeds the cyclic prefix length of that SCS, demodulation performance degradation is expected for the first symbol of the slot.


Figure 3  Maximum receive timing difference requirement for intra-band non-contiguous NR carrier aggregation
For intra-band non-contiguous CA, the MRTD is 3 in FR1(SCS=15KHz / 30KHz).

	Frequency Range of the pair of carriers
	Maximum receive timing difference (µs) 

	FR1
	33

	FR2-1
	8 note1

	Between FR1 and FR2-1
	25 

	Between FR1 and FR2-2
	25

	Note1:	This requirement applies to the UE capable of independent beam management for FR2-1 inter-band CA.


Figure 4  Maximum receive timing difference requirement for inter-band NR carrier aggregation
For inter-band NR CA, the MRTD is 33 in FR1 (3+30).
We prioritized the intra-band contiguous NR CA, but there is no clear standard for MRTD in this scenario. The figure 4 and figure 5 provide us with the MRTD in different scenarios, including intra-band non-contiguous CA and inter-band NR CA, we can analyze the principle above using 3 from figure 3 in FR1:
· For SCS=15KHz : As shown in figure 2, CP for long symbols are 5.2, CP for other(short) symbols are 4.69. Compared to 3 in intra-band non-contiguous CA, it fits this SCS.
· For SCS=30KHz :As shown in figure 2, CP for long symbols are 2.86, CP for other(short) symbols are 2.34. Compared to 3 in intra-band non-contiguous CA, it doesn’t fit this SCS. But  is extremely close to 2.34, even it belongs to non-contiguous scenario and the MRTD= 3 is the worst case for RRM measurements, maybe it is proper for time difference in intra-band contiguous CA?
In general, RAN4 need to study the minimum requirements to achieve the positioning accuracy improvement for intra-band contiguous CA compared with single component carrier case and its feasibility to fulfill the minimum requirements. The minimum requirement for CA based positioning could be much better that the legacy intra-band contiguous CA TAE requirements.
However,  if we adopt the (legacy) as the time difference value in intra-band contiguous CA, the distance between two CCs will be:

In RF session, we provided several simulations for timing error between two CCs[6], the results as below:
	
	
	Position Accuracy (m)

	Case
	Delay (ns)
	CDF=50%
	CDF=67%
	CDF=80%
	CDF=90%

	50MHz+50MHz (InF_SH)
	0
	0.22
	0.29
	0.36
	0.49

	
	1
	0.25
	0.33
	0.43
	0.54

	
	2
	0.33
	0.47
	0.63
	0.98

	
	3
	0.47
	0.73
	0.89
	1.26

	
	4
	0.57
	0.85
	1.13
	1.48

	
	5
	0.75
	1.03
	1.52
	2.21

	
	6
	0.90
	1.27
	2.02
	2.87

	
	Single FL (50MHz)
	0.55
	0.75
	0.95
	1.46

	100MHz+60MHz (InF_SH)
	0
	0.112
	0.145
	0.184
	0.230

	
	1
	0.182
	0.247
	0.318
	0.400

	
	2
	0.337
	0.466
	0.585
	0.733

	
	Single FL (100MHz)
	0.217
	0.267
	0.329
	0.421

	100MHz+100MHz (InF_SH)
	0
	0.091
	0.126
	0.146
	0.186

	
	1
	0.139
	0.192
	0.246
	0.314

	
	2
	0.245
	0.350
	0.432
	0. 615

	
	Single FL (100MHz)
	0.217
	0.267
	0.329
	0.421


Figure 5  Summary of positioning accuracy
For the case of 50MHz+50MHz (InF_SH), as in the Figure 5, when the relative timing alignment error exceeds 4ns, then the positioning accuracy of intra-band contiguous CA would be worse than that of single carrier. For the case of 100MHz+100MHz (InF_SH), when the relative timing alignment error exceeds 2ns, then the positioning accuracy of intra-band contiguous CA is worse than that of single carrier (100MHz).No matter which of the three cases, the delay is nanosecond, far less than the inherent CP length, taking 4ns as an example:

Compared to the existing MRTD value in the spec. 1.2m900m, and 4ns(the length of CP in 15KHz and 30KHz showed above). In this way, the accuracy of time difference between two CCs from the existing MRTD value, , is improper. But the concrete value will continue to study in RF session.

1. For time difference between PRS/SRS CCs in intra-band contiguous CA, we do not need to use the existing MRTD value since the  is too large to improve the positioning accuracy.
1. For time difference between PRS/SRS CCs in intra-band contiguous CA, we need to wait for the concrete value from RF session.
Conclusion
RRM impacts for both Rel-18 NR accuracy improvements, namely PRS/SRS bandwidth aggregation is discussed on high level in this contribution.
The following proposals are made.
Proposal 1: For time difference between PRS/SRS CCs in intra-band contiguous CA, we do not need to use the existing MRTD value since the  is too large to improve the positioning accuracy.
Proposal 2: For time difference between PRS/SRS CCs in intra-band contiguous CA, we need to wait for the concrete value from RF session.
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