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Introduction
In this contribution, we discuss corrections of aspects related with the design of the Sounding Reference Signal (SRS). The corrections and proposals are based on the latest version of TS 38.211 [1].
Corrections to TS 38.211 related to SRS
Section 6.4.1.4.1 SRS resource
The starting position of the SRS resource in the time domain is defined in TS 38.211 [1] as follows: 

-	, the starting position in the time domain contained in the higher layer parameter SRS-ResourceMapping

Since the SRS resource is contained within the last 6 symbols of the slot, what is specifically configured by the high layer parameter SRS-ResourceMapping is an offset  which is counting symbols backwards from the end of the slot until the intended starting position of the SRS resource. Using this offset, the starting position of the SRS resource in the time domain can be determined by the formula

.
Modify the paragraph which defines the starting position of the SRS resource in the time domain, in Section 6.4.1.4.1 of TS 38.211 as
>>>>>>>>>>>> Start text proposal >>>>>>>>>>>>



-	, the starting position within a slot of the SRS resource in the time domain is , where the offset  counts symbols backwards from the end of the slot and it is contained in the higher layer parameter SRS-ResourceMapping
>>>>>>>>>>>> End text proposal >>>>>>>>>>>>
Section 6.4.1.4.2 sequence generation
Group hopping
The group hopping formula for SRS is defined in TS 38.211 [1] as follows:
-	if SRS-GroupSequenceHopping equals one, group hopping but not sequence hopping shall be used and 




	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized with  at the beginning of each radio frame..



We note that group hopping is defined with respect to the relative symbol index . The effect is that if group hopping is enabled for two UEs which have SRS resources of different number of symbols  and/or different starting position , then different base sequences will be configured for the overlapping symbols. Hence, it won’t be possible to use cyclic shifts to orthogonalize the SRSs in these overlapping symbols.

To be able to configure the same base sequences to overlapping symbols of SRS resources with different duration and/or different starting position, when group hopping is enabled, we propose to define group hopping with respect to the absolute symbol index .  


The group hopping is defined with respect to the absolute symbol index , i.e., .
[bookmark: _GoBack]The proposed correction to the group hopping formula is summarized in the following text proposal, which also includes some minor editorial changes. 
Modify the paragraph which defines the group hopping formula for SRS sequence generation, in Section 6.4.1.4.2 of TS 38.211 as
>>>>>>>>>>>> Start text proposal >>>>>>>>>>>>
-	if SRS-GroupSequenceHopping equals ‘groupHopping’, group hopping but not sequence hopping shall be used and 




	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized with  at the beginning of each radio frame.
>>>>>>>>>>>> End text proposal >>>>>>>>>>>>
Sequence hopping
The sequence hopping formula for SRS is defined in TS 38.211 [1] as follows:
-	if SRS-GroupSequenceHopping equals two, sequence hopping but not group hopping shall be used and





	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized with  at the beginning of each radio frame where 


As with group hopping, discussed in the previous section, we note that also sequence hopping is defined with respect to the relative symbol index . To be able to configure the same base sequences to overlapping symbols of SRS resources with different duration and/or different starting position, when sequence hopping is enabled, we propose to define sequence hopping with respect to the absolute symbol index . 


The sequence hopping is defined with respect to the absolute symbol index , i.e., .







The definition of the initialization of the pseudo-random sequence used in the formula of SRS sequence hopping was carried over from the respective section of TS 36.211, i.e., for LTE. In LTE is equal to , so the UE-specifically parameter  was used in the definition of to be able to UE-specifically configure it. However, in NR is already UE-specifically configured. Hence, the initialization can be simplified by omitting .


The pseudo-random sequence  shall be initialized with .




As noted in Section 5.2.2 of TS 38.211 [1], each group contains two base sequences () of each length , when . So, sequence hopping can be applied when  .

Sequence hopping can be applied, i.e., the sequence hopping formula is nonzero when .
The proposed corrections to the sequence hopping formula are summarized in the following text proposal, which also includes some minor editorial changes.
Modify the paragraph which defines the sequence hopping formula for SRS sequence generation, in Section 6.4.1.4.2 of TS 38.211 as
>>>>>>>>>>>> Start text proposal >>>>>>>>>>>>
-	if SRS-GroupSequenceHopping equals ‘sequenceHopping’, sequence hopping but not group hopping shall be used and




[bookmark: _Hlk503390073]	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized with .
>>>>>>>>>>>> End text proposal >>>>>>>>>>>>
[bookmark: _Hlk503544637]Section 6.4.1.4.4 Sounding reference signal slot configuration
[bookmark: _Hlk503543338]In Section 6.4.1.4.4, the periodicity and slot offset for periodic and semi-persistent SRS resources is defined. The allowed periodicities are expressed in number of slots and given by . When a UE is semi-statically configured with a DL/UL configuration, depending on the DL/UL pattern, there are cases that the length of the pattern does not fit well with the SRS periodicity. It can happen that for a given SRS transmission opportunity in a slot defined by the SRS periodicity, the slot is not a slot characterized as ‘uplink’ due to the particular configured DL/UL pattern.
For example, consider a UL/DL configuration pattern of length  slots consisting of 1 DL slot followed by 2 UL slots. Since there is no defined SRS periodicity that is a multiple of 3 slots, such an  UL/DL pattern would effectively be prohibited. Considering various use cases envisioned for NR deployment, this is a problem that should be resolved. A simple solution to tackle the problem is described by the following.
NR already defines a set of periodicity values as described above, and we propose to keep those as is. However, in case a UE is configured with a semi-static UL/DL pattern of length X slots, the configured SRS periodicity P and slot offset  are interpreted at the UE instead as periodicity  slots and offset slots. Furthermore, if there is more than one UL slot in the DL/UL pattern, the UE can be RRC configured with a length-N bitmap, where N is the number of uplink slots in the pattern. A ‘1’ in the bitmap indicates that the UE should transmit SRS in the corresponding uplink slot of the pattern. With this approach, the “effective periodicity” is  slots, where  is the number of ‘1’s in the length-N bitmap. With the above example of 1 DL slot and 2 UL slots () with both UL slots used for SRS transmission (), the “effective periodicity” is  This is illustrated in Figure 1. Based on this discussion we propose the following.
When a UE is configured with semi-static UL/DL configuration with a UL/DL pattern of length X slots with N < X slots as UL, the UE interprets the configured SRS periodicity P and slot offset O instead as P*X slots and O*X slots, respectively. The UE is additionally configured with a length-N bitmap, where a ‘1’ in the bitmap indicates that the corresponding UL slot in the DL/UL pattern is to be used to transmit SRS according to the interpreted periodicity and slot offset.
[image: ]
[bookmark: _Ref503542718]Figure 1: Example of length X = 3 semi-static DL/UL configuration. The UE is configured with periodicity P = 2 and slot offset O = 1 and is configured with a length-2 bitmap = [1 1]. SRS is transmitted in 2 out of every 6 slots.  
[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref503285570]3GPP TS 38.211 V15.0.0, “Physical channels and modulation,” December 2017.
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