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[bookmark: _Toc490126343]Introduction
In previous meetings, the following agreements were made:
Agreements 1:
· Support antenna switching for SRS transmission within a carrier:
· FFS: Support at least [2Tx, 4Tx] switching
Agreements 2:
· Support gNB to configure one or more groups where each group contains one or more SRS resource(s) to UE
· Note: different groups may be for different purposes, e.g., one or more groups for beam management, one for DL CSI acquisition, one for UL CSI acquisition, etc.
Working assumption:
· SRS sequence for NR is supported for up to [272] PRBs by using LTE SRS sequences generation equation
· Companies are encouraged to evaluate PAPR and cross correlation properties of these sequences
· Note [272] PRBs corresponds to the maximum bandwidth support by NR
· FFS On the set of supported SRS bandwidths
Agreement 3:
· For collision avoidance between short PUCCH and SRS, from a UE perspective, NR supports at least the following two options on a given carrier
· Collision is defined whenever SRS and PUCCH are transmitted in the same symbol, regardless of whether there are overlapped REs or not
· Option 1-1: symbol level TDM
· (Working assumption) Option 2: Prioritize SRS or short PUCCH transmission, i.e., drop SRS or short PUCCH in case of collision
· FFS whether to have one prioritization rule, or configurable prioritization
· Examples of prioritization rules
· Example 1
· Always prioritize PUCCH over SRS
· Example 2
· If PUCCH contains ACK/NACK, prioritize PUCCH
· Otherwise prioritize SRS
· FFS the case of FDM SRS and short PUCCH
Agreement 4:
· SRS transmitted in an active UL BWP has the same numerology as that configured for that BWP. 
· For LTE SRS sequences: 
· NR should support UE specific configured bandwidth based on tree-like SRS bandwidth sets (analogues to LTE)
· FFS the parameters used for configuring bandwidth allocation, e.g. whether or not CSRS and BSRS   can be reused in a UE specific manner
· NR should support to sound substantially all UL PRBs in a BWP 
· FFS details of SRS bandwidth sets and RE mapping methods
· Note that the design shall consider the maximum allowed bandwidth of a BWP


In this contribution, we will primarily address the configuration issues that are due to the adaptation of a LTE sequence generation and the flexibility and service requirements that NR should provide. 
[bookmark: _Ref178064866][bookmark: _Toc490126344]Discussion
It has already been agreed that the sequence design for SRS is using the LTE sequence generation. This implies that the configuration framework should provide the option to configure SRS resources that are fully overlapping for different UEs. In particular, when different UEs can be configured with different BWPs this implies some additional demands on the tree structure for SRS resource assignment and BWP configurations. Further the purpose of the SRS can be different for different UEs, i.e. some UEs are using SRS for UL precoder selection, some are using SRS for reciprocity, some UEs are using SRS for beam-management purposes.
SRS BW configuration for NR






We will assume that a UE specific bandwidth part (BWP) or carrier with a bandwidth corresponding to the parameter . How the parameter  is configured and the name of this parameter for a bandwidth part is yet to be agreed. We know that it can, e.g., be a default value for a carrier as a default bandwidth part for a carrier is agreed. Further we will thus need that is configured for each BWP, as both  and  are parameters related to a table entry that needs the parameter in order to be well defined. For e.g. reciprocity operation or when beam correspondence does not hold a default SRS configuration could be associated with the default bandwidth part.



[bookmark: _Toc492885586]LTE-like tree structure for SRS BW allocation is adopted where  is bandwidth part (BWP)-specific. It can be configured UE specifically, and a default value may be defined if a default BWP is supported. can be configured UE specifically, and a default value may be defined if a default SRS configuration is supported.  can be configured UE specifically and specific for each SRS resource.
Further we observe that if multiple BWPs are supported on the same carrier for the UL we cannot multiplex users unless the bandwidth parts are defined in multiples of 4 PRBs and the SRS allocations can be chosen so that they fully overlap between two different BWPs and SRS configurations. As an example consider a 20 MHz carrier with 100 PRBs and that we want to create four 5 MHz bandwidth parts. Then each 5 MHz part would contain 25 PRBs but this would make it impossible to align the SRS resources for a 20 MHz bandwidth part with the four 5 MHz parts, see Figure 1. 
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[bookmark: _Ref492546420]Figure 1: Bandwidth parts with non-factor of 4 number of PRBs multiplexing problem
[bookmark: _Toc492885587]The tree-structure for SRS BW allocation within a BWP should be defined in such a way that SRS allocations for UEs with overlapping BWPs fully overlap.
We can also observe that both for intra BWP SRS and inter BWP SRS multiplexing creating resources in blocks of 4 PRBs makes it possible to also consider dropping SRS on a per SRS 4 PRB block basis for e.g. FDM. The 4 PRB blocks is determined by the frequency domain cyclic shift definition (number of supported cyclic shifts). For example, using 1, 2, 3, 4 or 12 cyclic shifts on a comb 4 we could blank on a 4 PRB SRS block basis for one Comb while maintaining orthogonality between users. The complexity and need for this type of blanking needs further study. One use case would be that a UE is limited in bandwidth due to the bandwidth part as discussed in this section and/or scheduling assignment.
SRS slot mapping and SRS resource definition
It is agreed that an SRS resource is mapped to 1, 2 or 4 consecutive OFDM symbols. What is not fully agreed is how these are mapped and configured with relation to the slot duration. To enable supporting different SRS use cases such as UL beam management, SRS repetition, SRS TX switching, as well as coexistence with short PUCCH, the mapping of SRS resources to OFDM symbols needs to be flexible (see Figure 3). In the examples, we have created a guard OFDM symbol, currently the requirements on guard for retuning purposes for TX switching is unclear, but other scenarios that could need guard is frequency hopping and power ramping between SRS resource with different bandwidth and purpose. Further there seems to be a need to support blanking OFDM symbols to avoid interfering with other UE’s periodic SRS and/or PUCCH. Hence we propose the following
[bookmark: _Toc492885588][bookmark: _Toc492750440][bookmark: _Toc492750506][bookmark: _Toc492750517][bookmark: _Toc492750566][bookmark: _Toc492750577][bookmark: _Toc492750441][bookmark: _Toc492750507][bookmark: _Toc492750518][bookmark: _Toc492750567][bookmark: _Toc492750578][bookmark: _Toc492750442][bookmark: _Toc492750508][bookmark: _Toc492750519][bookmark: _Toc492750568][bookmark: _Toc492750579]An N-symbol SRS resource (N = 1,2, or 4) may be configured such that the resource occupies a position within the W last symbols in a slot, where W is UE-specifically configurable. Possible values of W are 1, 2, 3, or 4. From a UE perspective, one or more of the W OFDM symbols not occupied by SRS may be configured as blank, i.e., zero Tx power.
The flexibility offered by blanking certain OFDM symbols can offer forward compatibility. For example, it could enable multiplexing with new types of SRS or SRS using different numerologies using the TDM structure of the zero power OFDM symbols between different UEs.
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[bookmark: _Ref492277147]Figure 2: Example use cases utilizing the SRS resource mapping flexibility
On numerology and SRS transmissions
From the point of view of SRS the main focus is to give good channel knowledge for a potentially large set of UEs. The channel knowledge is primarily for the serving base-station that the UE is synchronized towards. In this case the data and SRS are both experiencing more or less the same channel. This implies also that the time offset and delay-spread are similar. 
In this type of scenario, a candidate numerology would be to use, for example, 30 kHz subcarrier spacing even at lower frequencies to achieve lower delay compared to using 15 kHz sub-carrier spacing. But this implies also a shorter cyclic prefix duration, i.e. 2.3 us.
A second use case for SRS is inter-node measurements, e.g. for advanced beam-forming in reciprocity operation, for comp measurements, for D2D measurements. In these cases significant time misalignment can cost significant portions of the cyclic prefix duration. Hence a more robust numerology could be needed in this case, e.g. 15 kHz SCS. Consider the case with 1 us delay spread we only have a few hundred meters margin (1.3us  400 m) that should also cover any synchronization error between the different base-stations. Hence to support multi TRP measurements a reference inter node numerology should also be supported. Unclear if and how this would relate to other default numerologies and bandwidth parts. One possibility would be to just configure two different bandwidth parts to the same UE, i.e. one for data and intra-node SRS and one for a reference numerology for inter-node SRS.
[bookmark: _Toc492885589][bookmark: _Toc492459475][bookmark: _Toc492465546][bookmark: _Toc492551184][bookmark: _Toc492552303][bookmark: _Toc492552884][bookmark: _Toc492555595][bookmark: _Toc492637906]Consider configuring a UE with one SRS numerology to support intra-TRP channel estimation, and a second SRS numerology to support inter-TRP channel estimation, where the SRSs with differing numerologies are contained in different BWPs.
[bookmark: _Toc490126355]Coexistence SRS and PUCCH
The design for SRS had been quite heavily focused on maintaining low cubic metric, low inter-cell cross correlation, and inter-cell measurement. To maintain low cubic-metric the SRS needs to be separated in time from PUCCH for each user.
In case of a non-power limited UE one could FDM PUCCH and SRS, but not only would this create additional inter-modulation (IM) distortion components, but it would also create a power offset when one out of a multiple of SRS OFDM symbols are FDM with PUCCH. This power ramp could introduce e.g. phase errors degrading SRS estimation quality. One example would be if time domain OCC is used, then the phase offset would impair the orthogonality of the OCC.
[bookmark: _Toc492885590][bookmark: _Hlk492762317][bookmark: _Hlk492761115]NR does not support FDM multiplexing of SRS and short PUCCH from the point of view of one UE.
If an N-symbol SRS is configured to occupy any of the last W symbols of a slot, e.g. W = 1,2,3, or 4 as proposed above, then in some cases SRS can collide with short PUCCH of the same user or with short PUCCH transmission of another user. To avoid such collisions, some or all of the SRS symbols can be dropped by specifying a dropping rule that the UE should follow. This helps to avoid SRS/PUCCH collisions within the same user; however, to avoid collisions between users, some form of dynamic signalling may be needed to inform a user of the presence of PUCCH of another user. In the case of purely aperiodically configured SRS for all users in a cell, such inter-user collisions can be avoided by implementation. Aperiodic PUCCH could also be controlled in a similar way if it can be dynamically signalled.
We propose the following for SRS/PUCCH prioritization
[bookmark: _Toc492885591]NR supports at least the following prioritization rule between SRS and short PUCCH: short PUCCH is always prioritized over SRS such that if a configured SRS resource completely overlaps short PUCCH, that SRS resource is dropped. For an SRS resource that partially overlaps short PUCCH, only the SRS symbols in the overlapping region are dropped. FFS: support for more than one prioritization rule.
For the short PUCCH one option is to partially drop a multi OFDM symbols SRS resource by blanking the corresponding SRS OFDM symbols. In this case we then need the SRS orthogonality to not rely on time domain OCC.
[bookmark: _Toc492885592][bookmark: _Toc489961175][bookmark: _Toc489961341][bookmark: _Toc489962152][bookmark: _Toc489965737][bookmark: _Toc489971631][bookmark: _Toc490059202][bookmark: _Toc490059333][bookmark: _Toc490059629][bookmark: _Toc490060616][bookmark: _Toc490060836][bookmark: _Toc490061862][bookmark: _Toc490062415][bookmark: _Toc490062501][bookmark: _Toc490126356][bookmark: _Toc490126374][bookmark: _Toc490127267][bookmark: _Toc490139253][bookmark: _Toc490207735][bookmark: _Toc490210972][bookmark: _Toc491938345][bookmark: _Toc491959907][bookmark: _Toc492044289][bookmark: _Toc492045368][bookmark: _Toc492277343][bookmark: _Toc492459478][bookmark: _Toc492465549][bookmark: _Toc492551185][bookmark: _Toc492552304][bookmark: _Toc492552885][bookmark: _Toc492555596][bookmark: _Toc492637907]A UE can autonomously disable time domain OCC for an SRS resource (if TD-OCC is supported) in the case that SRS is partially dropped, i.e., one or more out of the N symbols of the SRS resource are dropped.
LTE root selection for LTE SRS sequences
In LTE the root sequence is selected by specifying two parameters u and v. Where v=0 if sequence hopping is disabled and v is a PN-sequence if sequence hopping is enabled. Using only the u parameter as in LTE gives the network the option to access 30 sequences, but with sequence hopping 60 distinct sequences are available when the sequence length is 72 or larger. To enable non-orthogonal multiplexing the LTE framework could, for example, be amended for sequences longer than length 71 to include a :


where the addition is in GF(2). This would then give the opportunity for two different root values with good correlation properties for longer sequences. We can observe that no negative impact of maintaining this root selection procedure can be observed in comparison to LTE SRS, see Figure 3.
[bookmark: _Toc492883847]LTE root selection can be kept while maintaining comparable cubic metric as LTE even for longer sequences.
[bookmark: _Toc492883848]LTE root selection can be used to access 60 root sequences without any loss in cubic metric and NR should hence make 60 sequences available for assignment.
[bookmark: _Toc492883849]Optimizing the root selection according to cubic metric can give around 1 dB advantage for relevant sequence lengths.
Alternatively, some new method could be used to selecting root sequences that could, for example, pick root indices according to the 30/60 sequences with the lowest cubic metric, see Figure 3. This method seems to give roughly 1 dB cubic metric advantage or less for relevant lengths but demands sequence length specific root indices. The correlation impact would also need some consideration in case a new root selection method was proposed.
[image: ]
[bookmark: _Ref492043898]Figure 3: Root selection comparison
[bookmark: _Toc490126358]Conclusions
Based on the discussion in this contribution we observe the following:

Observation 1	LTE root selection can be kept while maintaining comparable cubic metric as LTE even for longer sequences.
Observation 2	LTE root selection can be used to access 60 root sequences without any loss in cubic metric and NR should hence make 60 sequences available for assignment.
Observation 3	Optimizing the root selection according to cubic metric can give around 1 dB advantage for relevant sequence lengths.


Based on the discussion in this contribution we propose the following:



Proposal 1	LTE-like tree structure for SRS BW allocation is adopted where  is bandwidth part (BWP)-specific. It can be configured UE specifically, and a default value may be defined if a default BWP is supported. can be configured UE specifically, and a default value may be defined if a default SRS configuration is supported.  can be configured UE specifically and specific for each SRS resource.
Proposal 2	The tree-structure for SRS BW allocation within a BWP should be defined in such a way that SRS allocations for UEs with overlapping BWPs fully overlap.
Proposal 3	An N-symbol SRS resource (N = 1,2, or 4) may be configured such that the resource occupies a position within the W last symbols in a slot, where W is UE-specifically configurable. Possible values of W are 1, 2, 3, or 4. From a UE perspective, one or more of the W OFDM symbols not occupied by SRS may be configured as blank, i.e., zero Tx power.
Proposal 4	Consider configuring a UE with one SRS numerology to support intra-TRP channel estimation, and a second SRS numerology to support inter-TRP channel estimation, where the SRSs with differing numerologies are contained in different BWPs.
Proposal 5	NR does not support FDM multiplexing of SRS and short PUCCH from the point of view of one UE.
Proposal 6	NR supports at least the following prioritization rule between SRS and short PUCCH: short PUCCH is always prioritized over SRS such that if a configured SRS resource completely overlaps short PUCCH, that SRS resource is dropped. For an SRS resource that partially overlaps short PUCCH, only the SRS symbols in the overlapping region are dropped. FFS: support for more than one prioritization rule.
Proposal 7	A UE can autonomously disable time domain OCC for an SRS resource (if TD-OCC is supported) in the case that SRS is partially dropped, i.e., one or more out of the N symbols of the SRS resource are dropped.
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