Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: _Hlk534990442][bookmark: _GoBack]3GPP TSG RAN WG1 96	R1-1905461
Xi’an, P.R. China, April 8th – 12th 2019
[bookmark: _Hlk534987473]Agenda Item:	7.2.10.1
Source:	Ericsson
Title:	DL and UL Reference Signals for NR Positioning
Document for:	Discussion, Decision
1	Introduction
In the work item description (WID) for NR positioning, one of the RAN1 objectives is to identify DL and UL reference signals that are required to facilitate support for NR positioning techniques. The WID further mandates that the reference signal for NR positioning can be NR Rel. 15 reference signals with or without enhancements or new signals that can offer significant gain in terms of positioning accuracy that can be achieved by already existing reference signals.
In this contribution we present our view on DL and UL reference signals for NR positioning. We present our observations that infer the positioning accuracy capability of the Rel. 15 NR reference signals and possible extensions for accuracy enhancements. Furthermore, we also provide our view and motivation on requirement of new reference signals for use cases that demand stringent positioning accuracies.
[bookmark: _Ref178064866]2	DL Reference Signals for NR Positioning
2.1	DL PRS subframe
In LTE only one PRS can be configured per transmission point. Each PRS is from a signaling perspective configured independently of other PRSs with:
· PRS periodicity [nr of LTE subframes]
· PRS subframe offset [nr of LTE subframes]
· PRS duration [nr of LTE subframes]
· PRS muting pattern [per occasion]
This configuration signaling is, however, strongly restricted by specification. The UE may assume that for a cell with the same frequency as the assistance data reference cell the PRS periodicity is the same as for the reference cell and that the offset of the PRS occasion relative to the reference cell is at most half a subframe. In practice it is thus, only the muting pattern that can be varied between intra frequency cells. 
The PRS duration is used to repeat the PRS a number of times for increased coverage while the muting pattern is used to TDM PRSs from different transmission points and thus reduce interference and increase hearability of the PRS
In NR we will have the same needs of controlling coverage through repetition and of using TDM to improve hearability. In addition there is a need to be able to beamsweep over a number of beams transmitted from one and the same transmission point. The LTE framework could potentially be reused to some extent, but some modifications are clearly required.

To handle multiple PRSs transmitted from the same transmission point but over different beams it clearly must be possible to configure multiple PRSs under the same transmission point.
[bookmark: _Toc5130588]It shall be possible to configure multiple PRSs transmitted from the same transmission point.
In FR2 the number of beams can be larger than 14 and even using only one symbol per beam a full beamsweep may require more than one slot. Thus it’s also necessary to remove or modify the restriction saying that all intra frequency PRSs have to overlap. It must be possible for PRSs corresponding to different beams to be located in different slots.
[bookmark: _Toc5130589]It shall be possible to configure PRSs to be transmitted from the same transmission point over the same frequency but in different slots.
2.2	DL PRS candidates
2.2.1	TRS
In [2] The TRS was shown to perform roughly on par with a new NR PRS and to achieve sufficient accuracy to fulfil regulatory requirements for horizontal positioning, see e.g. Figure 3, Figure 4, Figure 5 and [2]. This has been confirmed also by other companies than Ericsson. In section 7.1.4 ‘Comparison of PRS Structures’ in [3] the TRS was shown to give essentially identical performance as a new NR PRS without interference. With a large amount of interference (reuse-12) only a small degradation of the TRS performance was seen relative to a new NR PRS. Since the TRS has to be transmitted for communication purposes and thus requires much less overhead than a new NR PRS a small degradation in performance is clearly acceptable. The TRS can be utilized to achieve regulatory requirements and to fulfil requirements also in many other scenarios. The TRS is thus the preferred solution for many use cases. Thus, we propose to support positioning based on the TRS. A new PRS may be considered for scenarios with very tough requirements on positioning accuracy and latency.
[bookmark: _Toc5130513]The TRS performs roughly on par with a new NR PRS and does achieve sufficient accuracy to fulfil regulatory requirements for horizontal positioning.
[bookmark: _Toc5130514] Since the TRS anyhow has to be transmitted for communication purposes the use of the TRS for positioning requires significantly less overhead than a new design of a PRS..
[bookmark: _Toc5130590]Support positioning based on the TRS (CSI-RS for tracking) transmitted from serving as well as non-serving cells.
In scenarios with very large inter site distances the TOA measurement range can be too low when based on a single TRS. This can, however, be mitigated by utilizing a number of TRSs with a staggered frequency shift transmitted coherently on the same antenna port from the same cell. Utilizing four staggered TRS’s as in Figure 2 full range is achieved. Utilizing two staggered TRSs as in  Figure 1, half range will be achieved.
[image: ]
[bookmark: _Ref4660138][bookmark: _Ref4660132]Figure 1 Two staggered TRSs giving half the TOA estimation range given when utilizing all subcarriers. Each of the two TRSs is depicted in a separate color.
[image: ]
[bookmark: _Ref4660140]Figure 2 Four staggered TRSs giving full TOA estimation range. Each of the four TRSs is depicted in a separate color.
[bookmark: _Toc5130591]Support positioning based on one, two and four TRSs (CSI-RS for tracking) with staggered frequency shifts transmitted coherently on the same antenna port from the same cell.
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[bookmark: _Ref4656002]Figure 3 Positioning estimation error in indoor open office (2 GHz). For more details see [2].
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[bookmark: _Ref4656004]Figure 4 Positioning estimation error in urban micro scenario (2GHz). For more details see [2].
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[bookmark: _Ref4656006]Figure 5 Positioning estimation accuracy in urban macro scenario (2GHz). For more details see [2].

2.2.2	New NR PRS design
From real life LTE based positioning as well as from evaluations within the NR study item on positioning we know that interference suppression is the most critical aspect when designing a positioning reference signal to be used for triangulation based positioning requiring hearability from multiple transmission points. Interference can always be reduced by muting but this comes at a huge cost in terms of positioning overhead. The PRS signal should therefore be designed to have good correlation properties and preferably also allow for a large number of orthogonal signals utilizing frequency or code orthogonality.  In section 2.2.2.1 below we propose the use of a new initialization mechanism for the gold codes already in use in NR which substantially reduces the interference between different PRS’s. In section 2.2.2.2 we propose the use of cyclic shifts to generate large numbers of orthogonal PRS’s that are particularly useful in indoor scenarios and in the very important industrial scenarios. In section 2.2.2.3, finally, we discuss resource element patterns for the PRS.

2.2.2.1 Gold-code initialization of a new PRS design
In this section we demonstrate that the interference of LTE PRS may be mitigated considerably from using another initialization scheme of the 31-bit Gold sequences already in the LTE and NR standard. 
In LTE, PRS is generated from QPSK modulation of 31-bit Gold sequences c(k) initialized as:

where ns = 0,1,…,19 is the slot number, l is the OFDM symbol number (0 to 6 for normal CP, 0 to 5 for extended CP), N^PRS_ID = 0,1,…,4095 is the cell-ID () unless configured by higher-layer parameters and  is 1 for normal CP and 0 for extended CP. 
For the sake of convenience, we will restrict our comparison to LTE PRS with normal CP, meaning that  = 1. Such PRS use 12 free bits for different sequence ID () combinations. The symbol counter parameters are contained in 7( + 1) + l + 1, which occupy 8 bits in total and ranges from 8 to 147. An alternative to the normal CP LTE PRS used e.g. for 15 kHz SCS NR could be:

where the symbol counter t depends on ns and l and ranges from 8 to 147. 

We now analyse the correlation properties of the proposed initialization vs. the LTE PRS initialization by examining the QPSK correlation of all 12-bit N^PRS_ID-value pairs (that is, a total of 8386560 value pairs). Specifically, we form r(k) = (1-2c(2k)) + i(1-2c(2k+1)) and take the cross-correlation of r(k) for different sequence ID-pairs. We consider k = 0, 1, …, 219, corresponding to the full BW LTE PRS span, or e.g. a NR PRS with comb 6 using 110 PRBs. 
We now take the intra-symbol correlation (i.e. we do not consider correlation over differing t), and consider the correlation span as a CDF over the range of t, for each sequence ID-pair. For each percentile we take the minimum and the maximum respectively, over all CDFs (i.e. sequence ID-pairs). The result is shown in Figure 6. The figure shows the extreme intervals of the CDFs; that is, we can be sure that the set of PRS proposal CDFs is strictly contained between the red curves and the LTE PRS CDF set is strictly between the blue curves. It is clearly seen that the interval between the red curves is narrower. This is preferable since we want the ID-pairs to be as independent as possible to the resulting correlation. Also, it is seen that the worst-case correlation is larger in LTE-PRS for the most part. Specifically, for 60% of the time indices, the worst case correlation (i.e. interference) is approximately doubled for LTE PRS compared to the proposed PRS, as indicated by the 3dB arrow at the 60% percentile.
[image: ]
Figure 6 Intra-symbol cross-correlation intervals for normal CP LTE PRS and the NR PRS proposal.
 
2.2.2.2 Cyclic shift based orthogonality
In industrial scenarios or more generally in indoor scenarios delays and delay spreads are relatively small. Even in a huge industrial hall with a length of 300m the delay from one end of the hall to the other would only be 1µs and the delay spread would only be a fraction of that. Thus, utilizing cyclic shifts one can generate a large number of orthogonal signals and assure that orthogonality is maintained even between delayed signals, see Table 1. This code orthogonality can obviously be combined with muting to generate even more orthogonal signals. In confined scenarios like industrial scenarios and indoor scenarios all PRSs could thus be made orthogonal without excessive overhead. 
[bookmark: _Ref4754234]Table 1 Number of orthogonal cyclic shift signals tolerating a certain delay for different numerologies.
	
	
	Number of orthogonal cyclic shift signals tolerating a given delay

	Subcarrier spacing
	OFDM symbol length without CP
	Max 0.5 µs delay
	Max 1 µs delay
	Max 1.5 µs delay

	15 kHz
	66.7 µs
	133
	67
	44

	30 kHz
	33.3 µs
	67
	33
	22

	60 kHz
	16.7 µs
	33
	17
	11

	120 kHz
	8.3 µs
	17
	8
	6



The number of cyclic shifts to utilize need not be specified but can be adopted to the scenario. The UE is simply configured with a cyclic shift corresponding to each PRS. The granularity of the cyclic shift PRS configuration parameter will define the maximum number of cyclic shifts that can be utilized by the network.To achieve orthogonality the base signal on which the cyclic shift is applied must obviously be the same. Thus, it should be possible to configure PRSs in different cells that are identical up to the cyclic shift utilized. The base signal could e.g. be a gold code modulated QPSK OFDM signal. This would make it possible to have multiple groups of PRSs such that PRSs are orthogonal within a group and such that PRSs from different groups have good ‘gold-code based’ correlation properties. To ensure that the base signal can be configured to be the same for multiple PRSs with different cyclic shifts the initialization of the code sequence has to be independent of the cyclic shift parameter.
Note that cyclic shifts is a well-established technique to generate delay tolerant orthogonal signals which is already used both in NR and in LTE. 
[bookmark: _Toc5130592]Support cyclic shifts for the new PRS signal. 

2.2.2.3 Resource element pattern for a new PRS design
In the study item for positioning a large number of companies studied staggered comb patterns with comb factors ranging from 1 to 14 such as those in Figure 6 and permutations of such patterns as in Figure 7. We believe further evaluations are necessary, evaluating these patterns with different levels of interference and in different scenarios in order to downselect among the patterns.
[bookmark: _Toc5130593]Evaluate and down select among staggered comb patterns with comb factors ranging from 1 to 14 and permutations of such patterns in time.
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[bookmark: _Ref534536448]Figure 6 A staggered comb-6 PRS pattern utilizing 12 out of the 14 symbols in a slot and giving full range.
[image: ]
[bookmark: _Ref4763720]Figure 7 Alternative re-use 6 pattern based on comb-6 patterns for each symbol. This pattern may be viewed as one permutation in time of the symbols in the staggered pattern illustrated in Figure 6.
2.2.2.4 Beam aspects
In FR2 the PRS’s may be transmitted in a large number of beams. We propose that each beam corresponds to one single port PRS.
[bookmark: _Toc5130594]Each beam corresponds to one single port PRS.
Beamsweeping is then accomplished by the transmission of a number of PRSs from one transmission point. To allow maximum power transmission these PRS’s should not overlap in time. One possibility is that they are transmitted in different slots. Using 120kHz subcarrier spacing means that the slot length is only one eights of the slot length using 15kHz subcarrier spacing. Using eight full slot-length PRSs transmitted in eight beams each with ~120/8 degrees width with 120kHz subcarrier spacing would give roughly the same coverage and require the same overhead as using one full slot-length PRS transmitted in one sector wide beam with 15KHz subcarrier spacing. Still, even larger numbers of beams may be utilized and in some scenarios coverage may be less critical. We therefore propose to evaluate the need for less than full slot length PRS’s. 
[bookmark: _Toc5130595]Evaluate the need for PRS’s with length less than one slot.
3 UL Reference Signals for NR Positioning 
3.1 Applicable reference signals
During the SI phase, several UL reference signals were listed for use in positioning: 
-	NR PRACH
-	NR SRS
-	NR UL DMRS
-	NR UL PTRS
-	New UL positioning reference signals (UL PRS) 
3.1.1 NR PRACH
The NR PRACH is designed with properties suitable for a signal to be received without being time aligned with other uplink signals in the same cell. It is used today to estimate the initial uplink TOA (via the random access procedure)  in the uplink time alignment procedure.   

As there may be UEs initiating random access when other UEs are using PRACH for positioning, a mechanism for identifying or differentiate the two is necessary. 

[bookmark: _Toc5130596]Keep NR PRACH as a viable candidate for UL positioning
[bookmark: _Toc5130597]PRACH for the purpose of positioning need to be distinguished from initial access PRACH
3.1.2 NR UL DMRS and UL PTRS
UL  DMRS and PTRS transmission are conditioned to PUSCH transmission, and therefore using them for the purpose of positioning would mean either changing this condition or dealing with reduced possibilities to make position estimates.  Another issue is that PTRS and DMRS bandwidth is confined to the UL grant transmission bandwidth, which is limiting the accuracy of the measurement for time of arrival. 
One positive side is that since the DMRS and PTRS are conditioned to data transmission, they are already being transmitted and thus the overhead cost for positioning is zero for the serving cell. However for the non serving cell, muting may have to be used to improve hearability, with an overhead cost. 
[bookmark: _Toc5130598]UL DMRS and UL PTRS are not considered for the purpose of positioning 

3.2 NR UL SRS for positioning  
3.2.1 UL positioning occasions and SRS transmission opportunities
In legacy, UL SRS transmission opportunities are configured by SRS parameter “resourceType” which sets the resource to be periodic, aperiodic, or semi-persistent. Such flexibility is of interest also for positioning. 
The SRS resource can be configured from the serving cell, based on the location server requests to the serving cell when configuring e.g. UL-TDOA or RTT. Thus an RRC configuration of the UE UL SRS for positioning is required.		
[bookmark: _Toc5130599]The UE is configured with SRS for positioning by the serving cell. The location server configures the serving and non serving cells with the appropriate assistance data. 
For aperiodic and semi persistent transmission, persistent behaviour, an impact on the UE procedure exists to define the 

[bookmark: _Toc5130600]Proposal: UL SRS for positioning can be configured to be periodic, aperiodic, semi-persistent
[bookmark: _Toc5130515]The aperiodic / semi persistent SRS configuration should be communicated to all involved network entities
SRS can ben configured with periodic, or aperiodic or semi persistent behaviour.  An impact on the UE procedure exists 
3.2.2 SRS Signal configuration
As discussed previously, SRS in release 15 is a UE specifically-configured uplink signal. In time domain configuration, SRS can be configured for 1, 2, 3 or 4 symbols within the last 6 symbols of a slot. Typically, the slots can be transmitted with multiple periodicity, 1, 2, 4, 5, 10, 20, 40, 80, 160, 320, 640, 1280 or 2560 slots. All slot offsets are supported for a given periodicity value. When SRS is configured aperiodically,  either with a one shot transmission or with semi persistent transmission, the slot offset separating the trigger reception from the SRS transmission can be RRC configured between 1 and 32 slots
In frequency domain, SRS can support up to 272 PRBs, nearly maximum bandwidth supported in NR, which is a useful feature for uplink-based positioning. Hence, SRS is flexible and can be configured with different bandwidth, symbol density, periodicity, etc.
[bookmark: _Toc5130516]The SRS can already be configured with enough flexibility to enable positioning. 
[bookmark: _Toc5130601]All existing periodicities for SRS can be configured for the purpose of positioning
An SRS resource set can be configured as a collection of SRS resources. The set configures the periodicity, usage, power control parameters  and resource type in common for all resources in the set configuration.  Each SRS resource in the set is separately configured with different comb configuration (comb size, comb offset, cyclic shift), resource mapping (number of symbols, repetition factor, starting position), frequency allocation, frequency hopping, group/sequence hopping, sequence ID, spatial relation information, and periodicity/offset.  
Thus, it is possible to create SRS transmission patterns suitable for positioning. For example, the pattern in Figure 8 can be used to utilize the full frequency band at full power utilization and allow for multiplexing of several UEs over one symbol.  If latency allows, several SRS transmission occasions can be used to build a more robust sequence taking advantage of the possibility of e.g. using repetitions of SRS. 
Another way to implement a pattern enabling at once user multiplexing as well as full range TOA estimation is to use frequency hopping. In this case, the staggered pattern sweeping the SRS bandwidth is not a collection of sparse symbol but instead uses blocks of PRBs that the user transmits in sequence. Inter as well as intra-slot hopping is possible, with repetition always preceding the hopping pattern, if configured. An example is shown in Figure 9. 
[bookmark: _Toc5130602][bookmark: _Toc5026478]SRS with frequency hopping can be configured for positioning 
In terms of UE multiplexing, SRS can be transmitted with different comb offsets and cyclic shifts to allow up to UEs to be multiplexed, where  is the comb factor and is the maximum number of cyclic shifts available for that comb factor (12 for comb 2, 8 for comb 4).  UEs can also be multiplexed using different slot offset if SRS is configured to transmit periodically or semi-persistently. 
Thus, the SRS can be allocated to a fairly large amount of user due to high multiplexing possibility. Assuming a user is given all the configured SRS symbol within a slot, and a single comb for each symbol, we made the following computation. For a 20ms SRS period (same as TRS periodicity), using all SRS symbols in a slot and  with comb 4 would allow at least 720 UEs to be multiplexed (20 SRS occasions, at least 8 cyclic shifts (FR2 limitation), 4 comb offsets). 160ms periodicity (same as LTE PRS) would allow 5120 UEs to be multiplexed at most. 
[image: ]
[bookmark: _Ref5005717]Figure 8 illustration of a a resource block  in a SRS resource set configured for UL Positioning. 4 resources with 1 symbol and staggered comb offsets in each resources.
[image: ]
[bookmark: _Ref5005735]Figure 9 SRS resource set configured for UL Positioning. 2 resources with 4 symbol and frequency hopping in each resource.
[bookmark: _Toc528933417][bookmark: _Toc528937763][bookmark: _Toc528938396][bookmark: _Toc534979445][bookmark: _Toc534988041][bookmark: _Toc5130517]It is feasible to use SRS for positioning purposes. Slot offset and comb offset can be used for orthogonality between UEs. Power boosting can be used to allow full power utilization 

Conclusion
In the previous sections we made the following observations: 
Observation 1	The TRS performs roughly on par with a new NR PRS and does achieve sufficient accuracy to fulfil regulatory requirements for horizontal positioning.
Observation 2	Since the TRS anyhow has to be transmitted for communication purposes the use of the TRS for positioning requires significantly less overhead than a new design of a PRS..
Observation 3	The aperiodic / semi persistent SRS configuration should be communicated to all involved network entities
Observation 4	The SRS can already be configured with enough flexibility to enable positioning.
Observation 5	It is feasible to use SRS for positioning purposes. Slot offset and comb offset can be used for orthogonality between UEs. Power boosting can be used to allow full power utilization
 
And the following proposals:
Proposal 1	It shall be possible to configure multiple PRSs transmitted from the same transmission point.
Proposal 2	It shall be possible to configure PRSs to be transmitted from the same transmission point over the same frequency but in different slots.
Proposal 3	Support positioning based on the TRS (CSI-RS for tracking) transmitted from serving as well as non-serving cells.
Proposal 4	Support positioning based on one, two and four TRSs (CSI-RS for tracking) with staggered frequency shifts transmitted coherently on the same antenna port from the same cell.
Proposal 5	Support cyclic shifts for the new PRS signal.
Proposal 6	Evaluate and down select among staggered comb patterns with comb factors ranging from 1 to 14 and permutations of such patterns in time.
Proposal 7	Each beam corresponds to one single port PRS.
Proposal 8	Evaluate the need for PRS’s with length less than one slot.
Proposal 9	Keep NR PRACH as a viable candidate for UL positioning
Proposal 10	PRACH for the purpose of positioning need to be distinguished from initial access PRACH
Proposal 11	UL DMRS and UL PTRS are not considered for the purpose of positioning
Proposal 12	The UE is configured with SRS for positioning by the serving cell. The location server configures the serving and non serving cells with the appropriate assistance data.
Proposal 13	Proposal: UL SRS for positioning can be configured to be periodic, aperiodic, semi-persistent
Proposal 14	All existing periodicities for SRS can be configured for the purpose of positioning
Proposal 15	SRS with frequency hopping can be configured for positioning
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