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Discussion and decision 
1 Introduction 
In RAN1#63bis, companies shared views on simultaneous SRS transmissions in more than one CC, and the following conclusion has been captured in the chairman’s note.

SRS + SRS, inter CCs

· Simultaneous SRS + SRS on different CCs is supported?

· yes: CATT, DoCoMo, ZTE, RIM, Samsung, Sharp, KDDI, Mediatek, Fujitsu (subject to perf reqs in RAN4), HTC, Hitachi

· no: (TI), (Fujitsu), (LGE), (ALU), (ASB), HW, HiSi, (NSN, Nokia), (MotM), Renesas

· (…) indicates would be willing to accept in RAN1 if RAN4 supports. 

Conclusion: Send LS to RAN4 to inform them that RAN1 has not been able to reach consensus on whether Simultaneous SRS + SRS should be supported on different CCs, and ask if this would be feasible in Rel-10 from RAN4 perspective. - R1-110540 - Tim (Fujitsu). 

For RAN1#65, RAN4 sent us a reply LS [1], and RAN4 confirms that simultaneous SRS on more than one carrier can be supported in Rel-10. 

2 SRS multiplexing

[image: image1.wmf]CC

1

CC

2

CC

3

CC

4

CC

5

Cell

-

specific SRS subframe

0

1

2

3

4

5

6

7

8

9

subframe

number

A UE

’

s SRS transmissions


Figure 1 Aligned cell-specific SRS subframes
According to the current agreement for inter-CC SRS and PUSCH multiplexing, SRS should be dropped whenever SRS and PUSCH are scheduled in different CCs.  Although this agreement is beneficial for UL throughput, it may result in frequent SRS drops if periodic SRS for multiple CCs are scheduled in different subframes. 
To facilitate SRS transmissions of a UE configured with more than one CC without too frequent SRS drops,  multiple SRS can be allowed in the same subframe. For example, in Figure 1, subframes 0 and 5 are configured to be cell-specific SRS subframes and a UE is configured to transmit SRS of CC1, CC2 and CC3 in subframe 0 and SRS of CC4 and CC5 in subframe 5. In this case, all 5 SRS can be transmitted without SRS dropping as long as the eNodeB does not schedule PUSCH on CC4 and CC5 in subframe 0 and on CC1, CC2 and CC3 in subframe 5. 

Therefore, the following is proposed. 

Proposal 1: Simultaneous SRS transmissions in more than one CC are supported.

3 Power control for simultaneous SRS transmissions

 The SRS power control method in Section 5.1.3.1 in TS 36.213 v.10.1.0 is described under the assumption that a UE transmits only one SRS in only one UL CC per sub-frame. When simultaneous SRS transmissions are allowed on more than one UL CC, a corresponding SRS power control method should be described.
If the total SRS transmission power is larger than 
[image: image2.wmf]PowerClass

ˆ

P

 (or power-limited cases),each SRS transmission power can be limited as PUSCH transmission power is limited since the SRS power control equation is in principle the same as PUSCH power control equation and it reuses some parameters used for PUSCH, e.g., power control adjustment 
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. Even though it is more desirable to avoid SRS power reduction than it is for data in the PUSCH, because SRS is used for UL channel estimation in case of power limitation it is inevitable to reduce power of at least some SRS. We consider three alternatives on the power control for multiple SRS if the total power exceeds 
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· Alt 1: Prioritize aperiodic SRS (aSRS) over periodic SRS (pSRS):

· When the total aSRS transmission power does not exceed 
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, the UE assigns the nominal power to the aSRS while it applies power scaling for the pSRS transmissions using the remaining power. 
· When the total aSRS transmission power exceeds 
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, the UE applies power scaling for all SRS, not distinguishing aSRS or pSRS.
· Alt 2:  Power scale, if necessary, only the aSRS and drop all pSRS. 
· Alt 3: Do not prioritize aSRS over pSRS and apply power scaling for all SRS transmissions as for PUSCH (in case no PUSCH contains UCI). 
Among these three alternatives, Alt 1 applies power scaling depending on the UE’s power situation which may not be available at the eNodeB and this is not desirable for UL channel estimation. Alt 2 prioritizes aSRS over pSRS but introduces pSRS dropping whenever aSRS is scheduled in the same subframe. Alt 3 is the simplest as it follows the same power scaling rule as for PUSCH (in case of no UCI in any PUSCH) and does not introduce SRS dropping or possible power reduction for some SRS (pSRS) and not for others (aSRS).  Therefore, Alt 3 is slightly preferred. 
Proposal 2: In case of power limitation, power scaling applies for all scheduled SRS. 
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4 Simultaneous A-SRS transmissions in more than one CC

Considering that one of the motivations for introducing A-SRS is to allow the eNodeB to estimate/measure UL channels in a resource efficient way, we see that it is desirable to allow simultaneous A-SRS transmissions in more than one CC. 

We consider a few alternatives for triggering simultaneous A-SRS transmissions. 

· Alt 1: One triggering grant should be sent to trigger A-SRS in the respective CC. 

· Pros: Simplicity.

· Cons: Multiple triggering grants have to be transmitted to trigger simultaneous SRS. 

· Alt 2: One triggering grant triggers A-SRS for more than one CC. 

· In one example, a separate RRC configuration is signaled to the UE to relate an A-SRS parameter set and a set of CCs to transmit A-SRS. For example, the RRC configuration could configure a UE to transmit A-SRS as in the following. When a UE is instructed to use A-SRS parameter set 1 by receiving DCI format 0 with the triggering bit set, the UE transmits A-SRS in all activated CCs; otherwise, the UE transmits A-SRS in the SIB-2 linked UL. 
· In another example, a semi-static RRC configuration is signaled to configure a UE’s set of CCs to transmit A-SRS. For example, when a UE receives the RRC configuration configuring the UE to transmit A-SRS in the all activated CCs, the UE transmits A-SRS in the all activated CCs, regardless of which DCI format triggers A-SRS. 

· Pros: eNodeB has more flexibility to schedule simultaneous A-SRS. 
· Cons: More signaling design is required. 

Seeing the pros and cons of the two alternatives, we have a slight preference on Alt 1 for simplicity. 
Proposal 3: Simultaneous A-SRS transmissions are triggered by multiple respective triggering grants.

5 Conclusion
This contribution proposes the following.

Proposal 1: Simultaneous SRS transmissions in more than one CC should be supported.

Proposal 2: In case of power limitation, apply the PUSCH power scaling for all scheduled SRS. 
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Proposal 3: Simultaneous A-SRS transmissions are triggered by multiple respective triggering grants.

The proposed text for sections 5.1.3.1 and 8.2 of TS36.213 can be found in [2].
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