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1. Introduction

In RAN1 #62bis, the remaining issues on the detail of dynamic aperiodic SRS (A-SRS) were discussed and the following has been agreed [1]. 


[image: image1]
However as in [2] and [3], there are at least seven open issues to be discussed to finalize Rel-10 specification. 

1. Frequency hopping support and its mechanism

2. Timing definition – commencement of aperiodic SRS transmission 

3. Additional bit size introduced in DCI format 4 (2 or 3)

4. RRC-configured A-SRS parameters in DCI format 4

5. Common/Separate RRC parameters depending on DCI format

6. Introduction of A-SRS only trigger
7. Multiplexing between antenna ports (common for P-SRS and A-SRS)

In this contribution, we share our views for each item.
2. Discussion on Remaining Issues

2.1. Frequency Hopping Support and Its Mechanism

Regarding the introduction of hopping mechanism, we have 3 options and each option has benefits and drawbacks as follows. Note that “Frequency Hopping” means that the frequency domain position is automatically determined without explicit L1 signaling.

· Option 1: No frequency hopping support

· Pros

· Simple specifications

· Cons

· Frequency domain position should be indicated by L1 (i.e. by 3 [or 7] state switching), which reduces the flexibility for collision control.

· Option 2: Frequency hopping mechanism is supported, and the frequency domain position is determined by the subframe index in which the A-SRS to be transmitted, i.e. same formula for nSRS as Rel-8/9
· Pros

· Easy resource management at eNB

· Cons

· Fixed hopping interval shall be always used, thus flexible hopping cannot be achieved.

· Option 3: Frequency hopping mechanism is supported, and the frequency domain position is determined by the cumulative number of transmitted A-SRS, i.e. A-SRS is transmitted with a different frequency domain position from the previous transmission

· Pros

· Support of flexible frequency hopping 

· Cons

· Frequency resource management between UEs would be difficult

· Synchronization between UEs and eNB regarding frequency domain position cannot be maintained when UL-grant with trigger is mis-detected.

Considering the pros and cons for each option, it seems that Option 2 would be appropriate to achieve the performance and easy resource management at the eNB. In addition, Option 2 may be used to improve the sounding accuracy especially for cell-edge UE in the following manner. Assuming that the frequency domain position nSRS is determined by the same equation as Rel-8/9, 

· 
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where TApSRS-hop is the hopping interval given by the network. Base on this formulam the frequency domain position nSRS shall be the same within two consecutive A-SRS transmissions as in Figure 1, if eNB triggers twice within the hopping interval of TApSRS-hop. As a result, sounding accuracy can be improved by the time domain filtering resulting in cell-edge performance improvements. In addition, since TApSRS-hop is a similar parameter to TSRS derived from ISRS provided by higher layers, it is not necessary to reconsider the possible values from the beginning (i.e. 2, 5, 10, 20, 40, 80, 160 and 320). 
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Figure 1 Modified Hopping Mechanism to Improve Sounding Accuracy based on Option 2
From the discussions above, we believe Option 2 must be the best design for Rel-10 A-SRS frequency hopping, and propose following:

Proposal 1:

· Rel-8 SRS hopping mechanism is supported for both DCI format 0 and 4
· The hopping pattern defines the SRS bandwidth position in a sub-frame.

· The same equation as Rel-8/9 is reused to determine the frequency domain position

· i.e. 
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· where TApSRS-hop is the hopping interval for A-SRS given by RRC.

2.2. Timing Definition - commencement of aperiodic SRS transmission 
In RAN1#62, the following agreement for timing definition was reached: 

· Cell-specific SRS configuration parameters are applicable to both periodic and aperiodic sounding

· Aperiodic sounding using Rel-8 SRS resources is transmitted in cell-specific SRS subframes 

· A UE shall commence aperiodic SRS transmission in subframe n+k (k(4) upon detection of a positive SRS request in subframe n

However, these agreements are ambiguous and it is still unclear whether the UE can use all cell-specific SRS subframes or any restriction would be imposed on UEs in a UE specific manner. In addition, the value k is so ambiguous that it should be defined concretely even for one-shot transmission.

In this section, the necessity of UE-specific restrictions (hereafter, we call it “UE-specific A-SRS subframe”) is discussed, and the pros and cons can be summarized as following: 

· Option 1: No UE-specific A-SRS subframe

· Pros

· Flexible assignment of A-SRS in time domain can be achieved, thus TDMA based collision control would be easier.
· Cons

· The opportunity to trigger A-SRS in a certain subframe shall decrease, thus the scheduler should carefully consider the transmission timing of UL-grant with A-SRS trigger.
· Option 2: Introduce UE-specific A-SRS subframe

· Pros

· More opportunity to trigger A-SRS in a certain subframe can be achieved.
· Cons

· Less flexible assignment of A-SRS in time domain 
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Figure 2 Possible Options for A-SRS Transmission Subframe
By Option 1 scheme, the triggering opportunity for a certain SRS subframe would decrease because all the SRS subframes are available to transmit A-SRS. However, the flexibility of A-SRS scheduling for the TDMA based collision control between UEs can be maximized. In the example of Figure 2, only one subframe is available for triggering by UL-grant in the even-numbered SRS subframes. In contrast, more relaxed triggering is possible by Option 2. However, TDMA based collision control between UEs are difficult.

In our view, Option 1 is preferable because the TDMA based solution should be the only collision control scheme for the higher delay spread and 4Tx antenna scenario. One may claim that Option 1 is a subset of Option 2 if Option 2 supports “no UE-specific restriction” by higher layer signaling. This design is acceptable if UE-specific A-SRS subframe interval reusing is separately defined with hopping interval (TApSRS-hop), due to the reason described in the previous section.

Proposal 2:

· No UE-specific A-SRS subframe is preferable, thus all the cell-specific SRS subframes can be used for A-SRS transmission if triggered.

· When dynamic aperiodic SRS trigger is detected in subframe n, the UE shall transmit an aperiodic SRS in the first cell-specific SRS subframe n’ satisfying 
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· For FDD, k=4

· For TDD, k is determined by Table 8-2 and 8-2a in 36.213 (i.e. follow the PUSCH process)

· Introduction of UE-specific A-SRS subframe is acceptable if

· “no restriction” can be configured by higher layers, and 

· the interval of UE-specific A-SRS subframe is separately defined with hopping interval.
2.3. Additional Bit Size Introduced in DCI Format 4 (2 or 3)

In RAN1#62bis meeting, it was agreed that 2 or 3 bits are included in DCI format 4 to switch the A-SRS configurations [1], but one from these two candidates should be chosen to keep the minimum specifications. A 3 bit trigger (i.e. 7 states) is obviously attractive in terms of flexible collision control, however it  causes an increase in test cases because of the maximum 35 (7 states x 5 CC) sets of A-SRS configurations, and additional PDCCH overhead. Therefore, the necessity of 3 bits trigger should be carefully investigated. In our assumptions, collision control between UEs is performed in the following priority order:

· TDMA (controlled by triggering timing)

· CDMA (i.e. cyclic shifts)

· In the case of 4Tx and higher delay spread scenario, multiplexing by cyclic shifts is impossible

· FDMA (i.e. frequency domain position)

· FDMA is possible when the A-SRS bandwidth is not full

· IFDMA (i.e. comb)

· The benefit of IFDMA is diminished if the SRS bandwidth is the same over the combs

From the above discussions, it is obvious that TDMA will be used as a major collision control technique, thus many states for RRC configuration would not be necessary. Therefore, we propose:

Proposal 3:

· 2 bits to indicate 3 A-SRS configurations should be introduced in DCI format 4.

2.4. RRC-configured A-SRS parameters in DCI format 4

According to the agreement in the previous meeting, the exact RRC-configured aperiodic SRS parameters, e.g. cyclic shift, comb, bandwidth and position, is FFS. As discussed in the previous section, Cyclic shifts and/or frequency domain position would be appropriate for RRC-configured A-SRS parameters, and use of comb is not always necessary and depends on the eNB implementation. However, if this discussion causes longer online discussion, all the A-SRS related parameters should be RRC-configurable.
Proposal 4:

· At least, cyclic shift and frequency domain position should be RRC-configured

· In order to avoid unnecessary online discussion, all the A-SRS parameters can be RRC-configured.
2.5. Common/Separate RRC parameters depending on DCI format

Similar to the discussion in the previous section, it should be discussed whether different A-SRS configurations are possible depending on the DCI format used to trigger A-SRS, as in Table 1.
Table 1 Signaling Mapping Table
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As mentioned earlier, 15 A-SRS configurations would be possible to be assigned to a UE, and the number test cases will increase. Therefore, further introduction of DCI format dependent RRC configurations is obviously undesired. In our view, the SRS only trigger described in the next section can be used to achieve more flexible transmission, and the complexity of RRC configuration should be minimized. Therefore we propose:

Proposal 5:

· RRC Configuration should be common irrespective of the DCI formats used to trigger.
· One RRC configuration in DCI format 4 is reused for DCI format 0 (and other DCI formats if supported) to trigger
2.6. Introduction of A-SRS only trigger

The proposed WF [3] on A-SRS only trigger (i.e. the case of no data transmission) was not agreed in RAN1 #62bis. The pros and cons of the A-SRS only trigger can be summarized as following:

· Pros:

· flexible triggering would be possible

· A-SRS can be transmitted in advance to PUSCH transmission

· SRS parameter can flexibly be reconfigured to avoid the collision between UEs

· Cons:

· Some increase in overhead of PDCCH

· Slight increase in complexity of specification and testing effort for UEs

Considering the realistic use case of aperiodic A-SRS, the A-SRS would be transmitted consecutively as long as the UL buffer is not empty. However, the A-SRS only trigger wouldn’t be used so frequently because of PDCCH overhead. In that sense, the A-SRS only trigger would be beneficial for the following scenarios/situations:

· Channel sounding in advance of PUSCH transmission, together with multi-shot transmission to reduce PDCCH overhead.
· Complementary use of A-SRS with data Tx

· for example, it can be used to measure the channel state for multiple Tx antenna mode in the case when single Tx PUSCH mode is configured.
Therefore, we propose that A-SRS only trigger should be introduced in Rel-10 with the following design:

Proposal 6:

· A-SRS only transmission should be supported in Rel-10, triggered by DCI Format 0 

· If the trigger bit is activated, 1 code-point indicates whether aperiodic SRS transmission is based on parameters

· If the code-point is validated, the following is configured via the DCI Format 0 

· No data Tx in this mode of operation

· Multi-shot transmission can be utilized if supported

· The following parameters should at least be configurable

· cyclic shifts (3 bits)

· frequency domain position (5bits)

· number of antenna port (2 bits)
2.7. Multiplexing between antenna ports
During the discussion in RAN1 #62 and #62bis, the method to multiplex between antenna ports was discussed, and it was concluded that the combined use of cyclic shift and comb are available for this purpose. However as in [1], it would be beneficial to narrow down the combination of cyclic shift and comb to keep the specifications to the minimum, and the use of “cyclic shift only” should be studied more. 
Considering that the RRC parameters in Rel-8/9 are designed for single Tx antenna port, it is beneficial to use implicit parameter assignment from one Tx antenna port to multiple Tx antenna ports. This requirement can be easily achieved when only cyclic shift can be used for the multiplexing. However, considering that the original motivation to introduce comb is the extended CP case, implicit mapping is still possible if the use of comb is restricted to the extended CP case. Therefore, we propose the following

Proposal 7:

· Define an implicit rule for cyclic shift and/or comb assignment

· For normal CP,

· Use cyclic shift only, and the cyclic shift for each antenna port is implicitly determined from nCSSRS indicated by higher layer

· 
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· For extended CP,

· If 2 Tx antenna port is configured for SRS, always use two cyclic shifts, and the cyclic shift for each antenna port is implicitly determined by the equation above.

· If 4 Tx antenna port is configured for SRS, always use the combination of cyclic shift and comb
· for 
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3. Conclusion

In this contribution, we discussed the remaining issues on A-SRS signaling to finalize the specification work for Rel-10. We propose the following:
Proposal 1 (hopping issue):

· Rel-8 SRS hopping mechanism is supported for both DCI format 0 and 4
· The hopping pattern defines the SRS bandwidth position in a sub-frame.

· The same equation as Rel-8/9 is reused to determine the frequency domain position

· i.e. 
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· where TApSRS-hop is the hopping interval for A-SRS given by RRC.

Proposal 2 (timing issue):

· No UE-specific A-SRS subframe is preferable, thus all the cell-specific SRS subframes can be used for A-SRS transmission if triggered.

· When dynamic aperiodic SRS trigger is detected in subframe n, the UE shall transmit an aperiodic SRS in the first cell-specific SRS subframe n’ satisfying 
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· For FDD, k=4

· For TDD, k is determined by Table 8-2 and 8-2a in 36.213 (i.e. follow the PUSCH process)

· Introduction of UE-specific A-SRS subframe is acceptable if

· “no restriction” can be configured by higher layers, and 

· the interval of UE-specific A-SRS subframe is separately defined with hopping interval.

Proposal 3 (number of bits included in DCI format 4):

· 2 bits to indicate 3 A-SRS configurations should be introduced in DCI format 4.

Proposal 4 (RRC-configured parameters in DCI format 4):

· At least, cyclic shift and frequency domain position should be RRC-configured

· In order to avoid unnecessary online discussion, all the A-SRS parameters can be RRC-configured
Proposal 5 (RRC configuration depending on DCI format

· RRC Configuration should be common irrespective of the DCI formats used to trigger.
· One RRC configuration in DCI format 4 is reused for DCI format 0 (and other DCI formats if supported) to trigger
Proposal 6 (A-SRS only transmission)
· A-SRS only transmission should be supported in Rel-10, triggered by DCI Format 0 

· If trigger bit is activated, 1 code-point indicates whether aperiodic SRS transmission is based on parameters

· If the code-point is validated, the following is configured via the DCI Format 0 

· No data Tx in this mode of operation

· Multi-shot transmission can be utilized if supported

· The following parameters should at least be configurable

· cyclic shifts (3 bits)

· frequency domain position (5bits)

· number of antenna port (2 bits)

Proposal 7 (multiplexing of antenna ports)
· Define an implicit rule for cyclic shift and/or comb assignment

· For normal CP,

· Use cyclic shift only, and the cyclic shift for each antenna port is implicitly determined from nCSSRS indicated by higher layer

· 
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· For extended CP,

· If 2 Tx antenna port is configured for SRS, always use two cyclic shifts, and the cyclic shift for each antenna port is implicitly determined by the equation above.

· If 4 Tx antenna port is configured for SRS, always use the combination of cyclic shift and comb
· for 
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Agreement:


Format 4 is used for SRS triggering.


Format 0 is also used for SRS triggering


Agreement:


DCI Format 4


2 or 3 new bits indicate 3 or 7, respectively, sets of RRC-configured aperiodic SRS transmission parameters


1 state indicates no aperiodic SRS activation


FFS for exact RRC-configured aperiodic SRS parameters


E.g. cyclic shift, comb, bandwidth, position


DCI Format 0 


1 new bit (RRC-configured) indicates aperiodic SRS activation


Aperiodic SRS activation is not supported in UE Common Search Space
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