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1 Introduction

In RAN1 #95 meeting, following agreements were achieved for study of additional SRS symbols for LTE[1].
Agreement 1:

Both intra-subframe frequency hopping and repetition are supported for aperiodic SRS in additional symbols 

· FFS whether above is supported for periodic SRS in additional SRS symbols
Agreement 2:

Intra-subframe antenna switching is supported for aperiodic SRS in additional SRS symbols.

· FFS: Whether intra-subframe antenna switching and intra-subframe frequency hopping/repetition can be concurrently configured

· FFS: Whether the above is supported for periodic SRS in additional SRS symbols
Agreement 3:

Both legacy SRS and additional SRS symbol(s) can be configured for the same UE.

· In case of legacy SRS is aperiodic, UE can transmit one of legacy SRS or additional SRS symbol(s) in the same subframe

· In case of legacy SRS is periodic, UE can transmit legacy SRS and additional SRS symbol(s) in the same or different subframes

· FFS: In case of legacy SRS is aperiodic, UE can transmit legacy SRS and additional SRS symbol(s) in the same subframes

· Including triggering mechanism
In this contribution, we provide our views on introducing multiple symbols for SRS on UL normal subframe.
2 Discussion
2.1 SRS frequency hopping and repetition 
In RAN 1 #95 meeting, for SRS frequency hopping and repetition of UE which is configured additional SRS symbols, in order to further enhance SRS capacity and coverage, it was agreed that both frequency hopping and repetition within UL normal subframe can be supported for aperiodic SRS in LTE Release 16. 

For periodic SRS, allowing periodic SRS in additional symbols would make it hard to meet scheduling demand in the same subframe considering traffic demand can be dynamic for these legacy UEs. In order to further avoid the performance degradation of legacy UE, periodic SRS in additional symbols should not be supported. 
For SRS sequence generation and SRS frequency hopping pattern in legacy SRS symbol, to achieve orthogonality between LTE Release 16 UE and legacy UE, same SRS sequence root and SRS frequency hopping pattern as legacy UE is preferred. Furthermore, SRS capacity can be enhanced by applying virtual cell ID when different Rel-16 UEs are multiplexed in legacy SRS symbol. Therefore, we suggest that eNB has the flexibility to apply the virtual cell ID to legacy SRS symbol and/or additional SRS symbol(s). . For SRS frequency hopping, 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: Not support periodic SRS in additional symbols.

Proposal 2: eNB has the flexibility to configure the virtual cell ID to legacy SRS symbol and/or additional SRS symbol(s).
Proposal 3: 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.
2.2 SRS antenna switching 

In RAN 1 #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 enhance SRS capacity and coverage, while intra-subframe SRS antenna switching is helpful for gNB to attainted downlink CSI by channel reciprocity, in order to fully exploit the benefit of additional SRS symbols, we suggest that intra-subframe antenna switching and intra-subframe frequency hopping/repetition can be concurrently configured.

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 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 4: If both SRS antenna switching and frequency hopping are configured within one subframe, the gap should be minimized.

2.3 Triggering mechanism for legacy SRS and additional SRS
In RAN 1 #95 meeting, it was agreed that both legacy SRS and additional SRS symbol(s) can be configured for the same UE. In order to achieve flexible configuration, the RRC parameter sets of legacy SRS and additional SRS symbol(s) should be configured separately. Considering that the usage of legacy SRS and additional SRS may be different, for example, additional SRS symbols are used for SRS antenna switching, while legacy SRS symbol is used for uplink CSI, so we suggest that UE can transmit legacy aperiodic SRS and additional SRS symbol(s) in the same subframes. 

For the triggering mechanism, the priority between legacy SRS and additional SRS can be predefined, or configured by RRC signaling.  

Proposal 5: UE can transmit legacy aperiodic SRS and additional SRS symbol(s) in the same subframes.

2.4 Symbol-level generation of the pseudo-random sequence for both 
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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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 because multiple symbols in one slot can be used for SRS transmission. 
Since multiple SRS symbols within one slot are also supported in the LTE WI in section 1, we propose to use the same generation of the pseudo-random sequence for both 
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 and 
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. And then, further interference randomization can be achieved.
Proposal 6: 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 4 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: Not support periodic SRS in additional symbols.

Proposal 2: eNB has the flexibility to configure the virtual cell ID to legacy SRS symbol and/or additional SRS symbol(s).
Proposal 3: 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 4: If both SRS antenna switching and frequency hopping are configured within one subframe, the gap should be minimized.

Proposal 5: UE can transmit legacy aperiodic SRS and additional SRS symbol(s) in the same subframes.

Proposal 6: 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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