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1 Introduction

In RAN1 #96bis meeting, the following agreements were achieved for additional SRS symbols for LTE[1].

Agreement 1:

For aperiodic SRS transmission, any combination of the following features can be simultaneously configured

· Intra-subframe antenna switching 

· At least antenna switching across all antenna ports is supported

· FFS: Antenna switching across a subset of antenna ports

· Intra-subframe frequency hopping

· Intra-subframe repetition

FFS: Whether above applies at the additional SRS symbols only or for legacy SRS symbols as well 

Agreement 2:
For additional SRS symbols, per-symbol group hopping and sequence hopping are supported. 

· In a given time, only one of per-symbol group hopping or sequence hopping can be used by a UE

· FFS: Details such as sequence design

Agreement 3:
In order to address at least possible power change due to frequency hopping or antenna switching for additional SRS symbols, select one of the following options:

· Option 1: A guard period of one symbol is introduced in RAN1 specifications.

· Option 2: No guard period is introduced in RAN1 specifications

· It is up to RAN4 to introduce a transient period between additional SRS symbols in RAN4 specifications.

Send an LS to RAN4 to ask their view on transient period for frequency hopping or antenna switching (including the time duration needed for this transient period). 
In this contribution, we provide our views on introducing multiple symbols for SRS on UL normal subframe.
2 Discussion
2.1 SRS frequency hopping, repetition and antenna switching 
In RAN1#95 meeting, it was agreed that intra-subframe antenna switching is supported for aperiodic SRS in additional SRS symbols. Considering that SRS frequency hopping and repetition can increase SRS capacity and coverage, while intra-subframe SRS antenna switching is helpful for gNB to obtain efficient downlink CSI by channel reciprocity, in RAN1 #96bis it was agreed that any combination of intra-subframe antenna switching, intra-subframe frequency hopping, and repetition can be simultaneously configured within one subframe in order to fully exploit the benefit of additional SRS symbols.

For SRS frequency hopping pattern in additional SRS symbols, to achieve orthogonality between LTE Release 16 UE and legacy UE, same SRS frequency hopping pattern as legacy UE is preferred. To keep the same hopping pattern as legacy UE in the last symbol, Rel-16 UE can start SRS frequency hopping from the last symbol to the first symbol of additional SRS symbols as shown in Figure 2.1. In this case, one set of SRS configuration by RRC signaling can be used for both additional symbol(s) and legacy symbol. 
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Figure 2.1 SRS frequency hopping from the last symbol to the first symbol
Proposal 1: For aperiodic SRS frequency hopping, to keep the same hopping pattern as legacy UE in the last symbol, Rel-16 SRS frequency hopping order can start from the last symbol to the first symbol of additional SRS symbols.
For the gap due to SRS frequency hopping or antenna switching, in last meeting it was agreed that one solution can be selected from two options as following:
· Option 1: A guard period of one symbol is introduced in RAN1 specifications.

· Option 2: No guard period is introduced in RAN1 specifications

· It is up to RAN4 to introduce a transient period between additional SRS symbols in RAN4 specifications.
In NR, at least one symbol gap is introduced for SRS antenna switching with 15KHz subcarrier spacing. The same gap should be introduced in LTE. However, more gaps may cause more overhead. If the one symbol guard period is introduced in LTE, when both SRS antenna switching and frequency hopping are configured within one subframe, the SRS gap should be minimized. 
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Figure 2.2 Patterns for both antenna switching and frequency hopping

As shown in Figure 2.2 for 1T2R with 4 hops frequency hopping within one subframe, the pattern (a) is better than pattern (b) since less gap symbols are introduced. Therefore, for antenna switching with xTyR, the configured number of SRS symbols denoted as N should be integer multiple of y/x. N symbols are divided into y/x groups, each group includes N/(y/x) adjacent symbols and is used for one SRS antenna. The 1 symbol gap should be ensured between two groups. As shown in Figure 2.4(a), xTyR = 1T2R, N=4, so 4 SRS symbols are divided into 2 groups, the first group includes symbol 9,10 for Tx0, the second groups includes symbol 12, 13 for Tx1. Only one symbol gap is reserved in symbol 11.

Proposal 2: If the one symbol guard period is introduced in LTE, when both SRS antenna switching and frequency hopping are configured within one subframe, the gap should be minimized.

2.2 Symbol-level generation of the pseudo-random sequence for both 
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In last meeting it was agreed that per-symbol group hopping and sequence hopping are supported for additional SRS symbols. Considering that NR introduces symbol level generation of the pseudo-random sequence for both the sequence-group number 
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 and the base sequence number 
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, we propose to use the same generation of the pseudo-random sequence for both 
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. Therefore, further interference randomization can be achieved.
Proposal 3: For SRS pseudo-random sequence in additional SRS symbol(s), support the same symbol-level generation of the pseudo-random sequence for both 
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 and 
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 as NR. 
To be more specific, we provide the modified formula based on proposal 3 as below.
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Where 
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 is the symbol number within the subframe 
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3 Conclusions

In this contribution, we provide our views on introducing multiple symbols for SRS on UL normal subframe. 
Proposal 1: For aperiodic SRS frequency hopping, to keep the same hopping pattern as legacy UE in the last symbol, Rel-16 SRS frequency hopping order can start from the last symbol to the first symbol of additional SRS symbols.

Proposal 2: If the one symbol guard period is introduced in LTE, when both SRS antenna switching and frequency hopping are configured within one subframe, the gap should be minimized.

Proposal 3: For SRS pseudo-random sequence in additional SRS symbol(s), support the same symbol-level generation of the pseudo-random sequence for both 
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 as NR. 
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