Page 1
[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #97																R1-1906822
Reno, USA, May 13th – 17th, 2019


Source:	Intel Corporation
Title:	Design of Uplink Reference Signals for NR Positioning
Agenda item:	7.2.10.2
[bookmark: DocumentFor]Document for:	Discussion and Decision

Introduction
Work item on NR Positioning support was approved in [1]. The WID has the following objectives:
Define new DL positioning reference signals applicable at least for DL-TDOA, DL-AoD, RTT
Define UL SRS with possible enhancements for positioning which is applicable at least for RTT, UL-TDOA, UL-AoA
In this contribution, we continue discussion on UL PRS design based on UL SRS and follow agreements made by RAN1 at the previous meeting (provided in Annex A). Our views on other NR Positioning aspects are provided in our companion contribution [3]-[5].
UL Reference Signals for NR Positioning
UL SRS was agreed to be used as a starting point for NR Positioning in UL and DL+UL positioning techniques. It was designed for UL channel sounding and beam management. SRS Resources can be combined in SRS Resource Sets. Each SRS Resource can be configured with 1, 2, or 4 antenna ports, transmitted in 1, 2 or 4 consecutive symbols at the end of slot with a configurable signal bandwidth. NR SRS is represented by Zadoff-Chu sequences (if sequence length > 36) and has comb structure. The NR SRS Resource Set can be configured as periodic or on-demand (semi-persistent or aperiodic). Sequence generation is a function of nSRSID, slot and symbol number. The NR SRS supports group or sequence hopping as well as frequency hopping.
Following options can be a potential enhancement for SRS design in order to improve UL PRS capability:
Extended number of supported symbols for NR UL SRS
Reduced occupied subcarrier density of UL SRS by applying comb-6/ comb-12 transmission configuration
Mechanism to improve UE multiplexing capacity for positioning

On Positioning Usage for UL SRS
One of the topics that was discussed by RAN1 WG is whether to introduce “positioning” usage field for UL SRS. In our view, it is premature given that no additional enhancements were agreed so far for UL PRS. Given that UL SRS enhancements (that may be introduced) can be also applicable to other use cases, we are not convinced at this stage that this field is really needed. In addition, we assume that UL PRS will be defined in LPP and therefore the usage of configured signal can be automatically determined.

Periodic, Semi-persistent, Aperiodic UL SRS (PRS) Configuration
At the previous meeting, the following agreement was reached by RAN1 WG with respect to SRS configuration for positioning.
	Support the following configurations of SRS for positioning
· Semi-persistent configuration
· Periodic configuration
· Aperiodic configuration


In our view, from physical layer perspective signaling details to support periodic, semi-persistent, and aperiodic UL SRS (PRS) transmissions can be reused.

Number of UL SRS (PRS) Symbols per Resource
It is well known that UL based positioning techniques suffer from link budget limitations. Therefore any mechanism to improve link budget should be welcomed from UE positioning perspective. It should be also understood that increased amount of symbols may adversely affect the UL spectral efficiency and number of positioned UEs. However, in scenarios, with relatively low system loading the improved link budget should be always welcomed and thus the number of symbols used for UL SRS transmission can be further extended. In particular the 8 and 14 symbols per slot can be considered, evaluation assumptions can be found in Annex-B.


For the purpose of NR positioning, increase number of symbols for UL SRS (PRS) transmission within single UL SRS (PRS) Resource to 8 and 14.

In order to show benefit, we analyze UMa scenario with indoor UEs and compare performance assuming SRS occupying 4 symbols and SRS spanning across single slot. The results of UL-TDOA system level evaluation are shown in Figure 1, where different number of symbols for UL SRS transmission assuming ideal muting.
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UL SRS (PRS) Allocation in Slot
In the first release of NR, the UL SRS can be configured for transmission in the last six symbols of slot only. This aspect was discussed at the previous meeting but the decision was postponed towards RAN1#97.
	For positioning, regarding the possible SRS symbol locations per slot decide by RAN1#97 whether the SRS can be configured only in the last N symbols of a slot with N>6 
· If the above decision is not made by RAN1#97, configuring SRS only in the last N symbols of a slot with N>6 will not be discussed further after RAN1#97.


As we have commented in the previous section, if the increased number of symbols is agreed then it will automatically mean that N > 6 can be used. Irrespective of this aspect, we think that additional flexibility of SRS resource allocation within a slot is desirable from UE positioning capacity perspective (i.e. UE multiplexing perspective). Here we assume that different UEs may transmit in different time allocations within a slot (e.g. the last for symbols occupied by UE#1 and the second last four symbols are used by UE#2).


UL SRS (PRS) resource can be configured to occupy any symbols within a slot

Resource Element Pattern for UL SRS (PRS)
Another mechanism to increase number of the positioned UEs using UL positioning techniques is to increase frequency division multiplexing order from system perspective. For this reason, comb-6 and even comb-12 configurations can be considered. The use of comb-structure is also beneficial to increase the link budget and as a result can improve UL based NR positioning performance. 


For the purpose of NR positioning, additionally support comb-6 and comb-12 structures for UL SRS(PRS) configuration

Results provided in Figure 2 show the UL-TDOA system level performance of indoor Open Office scenario for single symbol SRS with comb-4 and comb-12 frequency mapping patterns, limited number of resources allocated for UL SRS transmission is assumed. Evaluation performance illustrates the improvement of UE positioning accuracy calculation with proposed frequency mapping pattern, evaluation assumptions can be found in Annex-B.
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CDM for UL SRS (PRS)
In order to further improve capacity / amount of positioned users, a CDM in time can be used for UL SRS (PRS) transmission. For instance, orthogonal cover codes in time can be applied. In this case the SRS sequence generation procedure can be presented by the following formula:

 – SRS sequence calculated according to section 6.4.1.4.2 in TS 38.211 [2];
 – time spreading sequence / orthogonal cover code. Spreading sequences can be orthogonal based on Hadamard matrices, DFT based matrices or pseudo orthogonal based of randomly generated sequences.


Further consider to introduce time domain code multiplexing for UL SRS (PRS) in order to increase the UE multiplexing capacity for NR positioning in UL

Benefits of using time domain CDM on top of the enhancements proposed in the previous sections are shown in Figure 3, where comb-4 TD-OCC physical structure of SRS is compared with SRS Comb-4 TDM physical structure limited number of resources for SRS transmission were used, evaluation assumptions can be found in Annex-B.
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Conclusion
In this contribution, we have provided our views on UL reference signal design for NR positioning. In summary, we have following proposals:

Proposal 1: 
For the purpose of NR positioning, increase number of symbols for UL SRS (PRS) transmission within single UL SRS (PRS) Resource to 8 and 14.
Proposal 2: 
UL SRS (PRS) resource can be configured to occupy any symbols within a slot
Proposal 3: 
For the purpose of NR positioning, additionally support comb-6 and comb-12 structures for UL SRS(PRS) configuration
Proposal 4: 
Further consider to introduce time domain code multiplexing for UL SRS (PRS) in order to increase the UE multiplexing capacity for NR positioning in UL
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Annex-A: RAN1#96bis Agreements on UL PRS
In this section, we provide list of agreements made by RAN1 with respect to UL PRS design at the previous meeting.
	Agreement:
Support the following configurations of SRS for positioning
· Semi-persistent configuration
· Periodic configuration
· Aperiodic configuration

Agreement:
For positioning, regarding the number of SRS symbols per resource, decide by RAN1#97 whether to increase the set of allowable number of SRS symbols per resource compared to the NR Rel-15 allowable set {1,2,4}. 
· If it is not decided to increase the number of SRS symbols per resource by RAN1#97, increasing the set of allowable number of SRS symbols per resource compared to the NR Rel-15 allowable set {1,2,4} will not be considered further after RAN1#97.
Agreement:
For positioning, regarding the possible SRS symbol locations per slot decide by RAN1#97 whether the SRS can be configured only in the last N symbols of a slot with N>6 
· If the above decision is not made by RAN1#97, configuring SRS only in the last N symbols of a slot with N>6 will not be discussed further after RAN1#97.

Agreement:
Select one or both of the following options to support staggered SRS transmissions for UL SRS positioning
· Staggered patterns (a collection of SRS symbols from the same antenna port with different offsets for at least some symbols) in a single SRS resource
· Configuration of the same antenna port for the transmission of SRS symbols in different SRS resources in a SRS resource set.




Annex-B: Evaluation Assumptions
Table 1. Table of system level evaluation assumptions.
	Different Number of symbols for UL SRS

	Parameter
	Value

	Deployment scenario, Bandwidth
	UMa, 5/100 MHz

	Muting assumption
	Ideal muting

	Number of used symbols for UL SRS
	4, 14

	Frequency mapping pattern
	Comb-4

	Extended Frequency Mapping Pattern for UL SRS

	Parameter
	Value

	Deployment scenario, Bandwidth
	Open Office, 5/100 MHz

	Muting assumption
	Fixed number of resources for UL PRS transmission

	Number of used symbols for UL SRS
	1

	Frequency mapping pattern
	Comb-4, Comb-12

	TD-OCC for UL SRS

	Parameter
	Value

	Deployment scenario, Bandwidth
	UMa, 5/100 MHz

	Muting assumption
	Fixed number of resources for UL PRS transmission

	Number of used symbols for UL SRS
	1 for no TD-OCC case, 4 for TD-OCC case

	Frequency mapping pattern
	Comb-4
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