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1 Introduction

In RAN#78 meeting, NSA specifications of NR were declared as complete and frozen. It has been agreed that RAN1 shall continue to focus on stabilizing basic and essential functionality for the scope of the December drop in this RAN1 AH1801 meeting.  There are some remaining details on SRS which need to be refined or updated in the specification. We provide our TPs on SRS related issues in this contribution.
2 SRS related issues
2.1 Periodicity and slot offset for periodic SRS and semi-persistent SRS
Compared with LTE, NR has the targeted frequency range up to 100 GHz and the mobility target up to 500km/h [1], while LTE works below 6 GHz only and the supported mobility speed is only up to 350km/h [2]. To meet higher NR requirements, NR needs more flexible slot structure to adapt to different numerologies and shorter latency on both data and CSI measurement/feedback. Taking these into account, NR supports flexible UL/DL switching periodicity, such as 0.5ms/1ms/2ms/5ms/10ms.  Therefore, 2^n slots based frame structure is supported in NR in addition to the 5*n slot based structure. As described in our companion contribution [3], there are various benefits of supporting the 2^n slots based frame structure e.g. in order to support 2ms DL/UL switching time especially if we consider lower latency requirements in NR. So it is important to have good specification support to make such frame structure useful in NR deployment. In order to support flexible slot format considering different numerologies and shorter CSI measurement interval in NR, we propose to support {4,8,16} slots for SRS periodicity. 
In the current NR specifications, the supported SRS periodicity values are {1, 2, 5, 10, 20, 40, 80, 160, 320, 640, 1280, 2560}. We propose to:

Proposal 1: Add periodicity values of 4, 8 and 16 to the RRC parameter SRS-SlotConfig in 38.331 i.e. {1, 2, 4, 5, 8, 10, 16, 20, 40, 80, 160, 320, 640, 1280, 2560} and update the following table in 38.211:

TP1：The text in {38.214：6.2.1
UE sounding procedure}

	0Table 6.4.1.4.4-1: SRS time configuration.
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The table of UE Specific SRS Periodicity and Slot Offset Configuration for trigger type 0 is captured both in current spec of TS 38.211 and TS 38.214, Considering there is redundancy in current spec, we suggest to remove the table 6.4.1.1.4-1 in TS 38.211. 

TP2: The text in {38.211：6.4.1.4.4
Sounding reference signal slot configuration }
	For an SRS resource configured as periodic or semi-persistent by the higher layer parameter SRS-ResourceConfigType, a periodicity 
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 and slot offset 
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 are configured according to the SRS configuration index 
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 given by the higher layer parameter SRS-SlotConfig. Allowed values of the configuration indices and the corresponding periodicities/slot offsets are given by Table 6.2.1-2 in [6, TS 38.214]. Candidate slots in which the configured SRS resource may be transmitted are the slots satisfying
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SRS may be transmitted only if all OFDM symbols of the candidate slot corresponding to the configured SRS resource are classified as ‘uplink.’






























































2.2 SRS group hopping and sequence hopping
· Issue 1
Based on the current description in section 6.4.1.4.2, when sequence group hopping or sequence hopping is enabled, the sequence group number 
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or the sequence number 
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 is a function of symbol index 
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 is number of the OFDM symbols of a configured SRS resource. 
However, this approach cannot guarantee the orthogonality between two SRS resources in one cell. That is because the same u or v cannot be achieved if  
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is different for the two resources. As shown in Fig. 1, although the last symbol of SRS resource 1 which is configured with 4 symbols and is overlapped with the symbol of SRS resource 2, u and v for the two resources are different in that symbol since 
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 is 4 and 1 for the resource 1 and resource 2 respectively. In this case, orthogonality by different cyclic shifts cannot be achieved.   
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Fig1: Two SRS resources with different [image: image44.wmf]SRS
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In order to solve this problem, we propose to use a symbol index of a slot instead of symbol index within a resource to generate sequence number v or sequence group number u. In other words, 
[image: image45.wmf]u

or 
[image: image46.wmf]v

 should be a function of symbol index within a slot. 
Proposal: The sequence group number 
[image: image47.wmf]u

or the sequence number 
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 should be a function of symbol index of a slot rather than a function of symbol index within a SRS resource.
Alternatively, the symbol index can be restricted in the last 6 symbols of a slot since the first 8 symbols of a slot are not used for SRS transmission.
· Issue 2
Another issue is the sequence number 
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 as described in section 5.2.2 of TS 38.211. 
· Issue 3
Since there is no default sequence ID for SRS in NR, the sequence number 
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 only hops based only on 
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 rather than Cell ID, so it is unnecessary to keep the parameter 
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Based on above three issues, we have a TP as follows:
TP3：The text in {38.211：6.4.1.4.2
Sequence generation }
	...
The sequence group 
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and the sequence number 
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 in clause 5.2.2 depends on the higher-layer parameter SRS-GroupSequenceHopping. The SRS sequence identity 
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 is given by the higher layer parameter SRS-SequenceId, 
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is the OFDM symbol index within a slot.

-
if SRS-GroupSequenceHopping equals zero, neither group, nor sequence hopping shall be used and 
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-
if SRS-GroupSequenceHopping equals one, group hopping but not sequence hopping shall be used and 
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where the pseudo-random sequence 
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 is defined by clause 5.2.1 and shall be initialized with 
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 at the beginning of each radio frame.

-
if SRS-GroupSequenceHopping equals two, sequence hopping but not group hopping shall be used and
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where the pseudo-random sequence 
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at the beginning of each radio frame
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2.4 The transmission comb of SRS port
In LTE, the orthogonality among SRS ports of one UE can be achieved by different cyclic shifts and/or different transmission combs, this feature should also be supported by NR. However, different transmission combs cannot be applied to different SRS ports in the same SRS resource in current NR specification. In other words, 4 ports of one SRS resource can only use the same comb. As a result, the orthogonality among those 4 ports can be only achieved by different cyclic shifts even the traffic loaded is low. This restriction will lead to worse SRS performance than LTE.
Proposal : NR should support the case that different ports of one SRS resource have different combs, especially for 4 port SRS resource.
Specifically, we propose one 4 port SRS resource can be configured with one comb or two combs when KTC = 2 or 4. The corresponding text proposal is following.

TP4：The text in {38.211：6.4.1.4.3
Mapping to physical resources }
	Frequency hopping of the sounding reference signal is configured by the parameter 
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The frequency-domain starting position 
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where 
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The quantity 
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The frequency domain shift value 
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 adjusts the SRS allocation to align with the CRB grid in multiples of four and is contained in the higher layer parameter SRS-FreqDomainPosition. The transmission comb offset
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is contained in the higher layer parameter SRS-TransmissionComb and 
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 is a frequency position index.


2.5 Full hopping bandwidth for SRS
When UE SRS frequency hopping is described in section 6.2.1.1 in TS 38.214, a UE may be configured with intra-slot frequency hopping within a bandwidth part, where the full hopping bandwidth is sounded with an equal-size subband. In order to support such hopping with SRS full hopping bandwidth, clarification for full hopping bandwidth is needed in TS 38.211 accordingly for aperiodic SRS transmission. 

TP5：The text in {38.211：6.4.1.4.3
Mapping to physical resources }
	...
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 counts the number of SRS transmissions. For the case of an SRS resource configured as aperiodic by the higher layer parameter SRS-ResourceConfigType, it is given by 
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 is the repetition factor and is contained in the higher layer parameter SRS-ResourceMapping.


2.6 UE antenna switching for aperiodic SRS
For sounding different antenna ports, RAN4 has agreed that antenna switching time is 15 usec. It means that the guard period of two SRS transmission for antenna switching should occupy at least one OFDM symbol. Considering that at most 6 symbols can be configured to UE in one slot, 1T4R antenna switching for aperiodic SRS cannot be achieved within one slot because of insufficient resources for guard period. To support 1T4R antenna switching for aperiodic SRS, we can specify that UE is expected to be configured with the resources in a resource set in the order of time domain, and if the symbol index of a configured resource is the same or smaller the symbol index of previous configured resource, UE should assume that the configured resource is in the next UL symbol with the configured symbol index in the next slot which contain UL symbol.  The illustration of this process is shown in Fig.2. 
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Fig2: Illustration of 1T4R antenna switching for aperiodic SRS
In addition, the following agreements should be correctly captured.
Agreements in RAN1#90bis
· For intra-slot antenna switching, the two SRS resources are TDM’d. They may be configured with a guard period of Y symbols in between to account for the Tx switching transient time (e.g., enough symbols to account for 15 us according to RAN4, based on UE capability)
· The UE does not transmit any other signal during the guard period
TP6：The text in {38.214：6.2.1.2
UE antenna switching }
	When UE antenna switching is enabled by the higher layer parameter SRS-SetUse set as ‘antenna switching’ for a UE that supports transmit antenna switching, a UE may be configured with one of the following configurations depending on the UE capability:

-
SRS resource set with two SRS resources transmitted in different symbols, each SRS resource consisting of a single SRS port being associated with different UE antenna ports, or

-
SRS resource set with two SRS resources transmitted in different symbols, each SRS resource consisting of two SRS ports where the port pair of the second resource is associated with a different UE antenna pair than the port pair of the first resource, or

-
SRS resource set with four SRS resources transmitted in different symbols, each SRS resource consisting of a single SRS port being associated with different UE antenna ports,

and a guard period, not used for the UE, of at least Y symbol(s) in-between the SRS resources is used in case the SRS resources are transmitted. The value of Y is defined by Table 6.2.1.2-1
When SRS resource type is configured as aperiodic, UE is expected to be configured with the resources in a resource set in the order of time domain, and if the symbol index of a configured resource is the same or smaller than the symbol index of previous configured resource in the resource set, UE should assume that the configured resource is in the next slot which contains the configured UL symbol.

Table 6.2.1.2-1 The minimum guard period between two SRS resources for antenna switching
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2.7 CC/BWP configuration 

Currently, CC or BWP information are missed for the SRS configuration, we propose to introduce CC index and BWP index per SRS resource set which is similar with CSI-RS configuration.
Proposal 2: Configure CC index and BWP index per SRS resource set.
3 Conclusion

In this contribution, we provide TPs on SRS related issue to the current NR specifications and we have the following proposal:

Proposal 1: Add periodicity values of 4, 8 and 16 to the RRC parameter SRS-SlotConfig in 38.331 i.e. {1, 2, 4, 5, 8, 10, 16, 20, 40, 80, 160, 320, 640, 1280, 2560} and update the corresponding table in 38.211:

Proposal 2: Configure CC index and BWP index per SRS resource set.
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