3GPP TSG-RAN1#63bis
R1-110464
Dublin, Ireland, 17th – 21st Jan, 2011
Agenda Item:
6.2.1
Source: 
Fujitsu
Title: 
Summary of email discussion on simultaneous PUSCH/PUCCH/SRS
Document for:
Discussion and Decision
1. Introduction
This document summarizes the email discussion [63-06-LTE-A] with the aim to agree on remaining open issues on simultaneous PUSCH/PUCCH/SRS transmission until RAN1#63bis.

This topic was also addressed in an ad-hoc session at RAN1#63, and further offline discussion (see R1-106536).
2. Progress of Discussion
The following companies took part in the discussion: Panasonic, Samsung, InterDigital, Alcatel-Lucent, ZTE, LG, Sharp, Qualcomm, RIM, Renesas, Ericsson, CATT, Texas Instruments, NTT DoCoMo, NSN, Nokia, Motorola Mobility, Fujitsu, Huawei.
Comments were provided on the following open issues for the following combinations:-

PUSCH + SRS, inter CCs
· Revised wording for the alternatives to be considered according to the current discussion status:- 
· No simultaneous PUSCH and SRS is transmitted in the same symbol on any CC from the same UE 
· Alt-1-a: 
· Rate match any PUSCH transmitted in any cell specific SRS subframe configured on the same CC
· Drop SRS if PUSCH is transmitted in the same symbol on any CC from the same UE
· Alt-1-b: 
· Rate match any PUSCH transmitted in any subframe corresponding to a cell specific SRS subframe configured on any of the (activated?) CCs
· Note: The “rate matching” here is intended to avoid use of the last symbol of the subframe, where this is, or may be, used for SRS 
The majority of companies indicated a preference for Alt-1-a

SRS + SRS, intra CC
· To clarify whether more than one simultaneous SRS transmission from the same UE is allowed or not (on the same CC)
· If not, further discuss the solution for collision cases
The majority of companies indicated the following preferences:

· Only one SRS transmission by a UE on the same CC in the same subframe
· Aperiodic SRS is prioritized over periodic SRS
There was no clear consensus on UE behavior for multiple aperiodic SRS triggered in the same subframe (e.g. use last SRS trigger, consider as an error case/misconfiguration, drop all SRS, etc).
It was proposed that configuration of multiple periodic SRS in the same subframe should be considered an error case.
SRS + SRS, inter CCs
· To clarify whether more than one simultaneous SRS transmission from the same UE is allowed or not (on different CCs)
· If not, further discuss the solution for collision cases
The majority of companies indicated the following preferences:

· Only one SRS transmission by a UE in the same subframe

· Aperiodic SRS is prioritized over periodic SRS
Many companies proposed priority rules between SRS on multiple CCs, with several suggesting priority for SRS on Pcell.
PUCCH + SRS, inter CCs
· To clarify whether simultaneous SRS and PUCCH transmission from the same UE is allowed or not (in the same symbol but on different CCs)
· If not, further discuss the solution for collision cases
The majority of companies indicated a preference that SRS should not be transmitted in the same symbol as PUCCH by the same UE (on any CCs).

Several companies noted the linkage with the intra CC case

Several companies proposed that simultaneous SRS and existing shortened PUCCH could be configured (as in Rel 8/9) 

Several companies proposed defining additional new shortened formats for PUCCH 
Several companies proposed that SRS should always be dropped

The majority of companies expressed views consistent with a preference that in any potential collision case where a shortened format for PUCCH was not used, SRS should be dropped.
3. Conclusions
Based on the email discussion the following proposals are offered for consideration by RAN1:

PUSCH + SRS, inter CCs
Alt-1-a: 
· Rate match any PUSCH transmitted in any cell specific SRS subframe configured on the same CC
· Drop SRS if PUSCH is transmitted in the same symbol on any CC from the same UE
SRS + SRS, intra CC
· Only one SRS transmission by a UE on the same CC in the same subframe

· Aperiodic SRS is prioritized over periodic SRS
· UE behavior for multiple aperiodic SRS triggered in the same subframe is FFS
· Configuration of multiple periodic SRS in the same subframe is considered an error case.
SRS + SRS, inter CCs
· Only one SRS transmission by a UE in the same subframe

· Aperiodic SRS is prioritized over periodic SRS
· SRS on Pcell is prioritized over SRS on Scell
· Other details of priority rules FFS
PUCCH + SRS, inter CCs
· SRS should not be transmitted in the same symbol as PUCCH by the same UE (on any CCs)
· RAN1 should select between the following: 

1. Simultaneous SRS and existing shortened PUCCH may be configured (following Rel 8/9) 
· Definition of additional new shortened formats for PUCCH is FFS 
· In any potential collision case where a shortened format for PUCCH is not used, SRS should be dropped
2. SRS is always dropped

Annex: Individual Company Inputs
The table below captures the input to the discussion from the participating companies.
PUSCH + SRS, inter CCs
	Company
	Preferred Solution 
	Comment

	Panasonic
	Alt 1-a
	Alt1-a would be simpler since the behavior in each CC is the same as the agreed intra-CC case. Alt 1-b would cause some ambiguity due to activation/deactivation status. Therefore, we prefer Alt1-a. 

Even if Alt1-b is based on configured CC, we still perfer Alt1-a because Alt1-a is simpler than Alt1-b and the behavior is same as intra-CC case.  

Furthermore, even in case the rate matching is based on configured carriers in Alt1-b, there is still an uncertainty of configured CC in RRC reconfiguration procedure. 
Also, if cell specific SRS subframe configuration is same among concerned CCs, alt-1-a and alt-1-b behaviour can be identical. Alt-1-a allows the flexibility of the prioritization between SRS and PUSCH efficiency using cell specific SRS subframe configuration. If SRS is prioritized, cell specific SRS subframe configuration is aligned to avoid SRS drop. If PUSCH efficiency is prioritized, cell specific SRS subframe configuration is independently configured (i.e. not need to be aligned) to reduce SRS subframes as much as possible.

	Samsung
	Alt 1-b
	We would like to share our views about details along the line of <Alt 2. No simultaneous PUSCH (and other physical channels) and SRS is allowed>. If PUSCH + SRS has a potential risk of RAN4 testing, multiplexing of the other physical channels and SRS should be treated similarly. 
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As illustrated in the attached slide 1, we think that one reasonable way of assigning cell-specific SRS subframes is to align the cell-specific SRS subframes of all CCs. In this case, Alt1a and Alt1b for PUSCH+SRS are not any different. On the other hand, for some reason if eNodeB wants to non-align the cell-specific SRS subframes as shown in the attached slide 2, now Alt1a and Alt1b are different. With Alt1a, when SRS is scheduled in a subframe for a UE in one CC, the only way for the UE to transmit SRS as scheduled is that eNodeB does not schedule PUSCH in the other CCs. On the other hand, with Alt1b, for the same case, both SRS and PUSCH can be transmitted in the subframe. Seeing the scheduling restriction (or too frequent SRS dropping) of Alt 1a, we propose to take Alt1b as a baseline for PUSCH+SRS.

	InterDigital
	Alt-1b
(but we suggest to consider a modification)

	With Alt 1-a there is the potential for frequent SRS dropping or for eNodeB scheduling restriction on PUSCH transmission to avoid collision with SRS which could result in an adverse effect on UL PUSCH performance. 
With Alt 1-b, SRS can be transmitted in a cell specific SRS subframe configured on any CC regardless whether there is PUSCH transmission on the same CC and/or any other CC.  We therefore prefer Alt 1-b over Alt 1-a.

We observe, however, the following: The reason behind a UE puncturing PUSCH in the last OFDM symbol of a cell specific SRS subframe on the same CC is to avoid a possible collision (resulting in interference) with any UE’s SRS transmission on that CC.  The reason behind puncturing PUSCH in any CC of a UE if there is an SRS subframe for that UE on a different configured/activated CC is to avoid possible collision of PUSCH and SRS in that UE since collision may require power scaling; the purpose is not to avoid collision of PUSCH on one CC with SRS transmission by a different UE on another CC. For the case of PUSCH on one CC and SRS subframe on another CC, that SRS subframe may, therefore, be restricted to UE-specific SRS subframes of that other CC, as opposed to  cell-specific SRS subframes of that other CC, potentially resulting in fewer subframes in which PUSCH is punctured.
Accordingly, we suggest to consider a modified version of Alt 1-b (perhaps call it Alt 1-c) as follows:
· Rate match any PUSCH transmitted in any cell specific SRS subframe configured on the same CC.

· For PUSCH transmitted on a CC in a subframe where that subframe is not a cell specific SRS subframe for that CC, rate match that PUSCH if the subframe is a UE specific SRS subframe for any other (configured/activated) CC.
We recognize that with both Alt 1-b and modified Alt 1-b, there is the possibility of uncertainty at the eNodeB on the exact UE CC configuration (even if the rate matching is based on configured CC). However, we think that such uncertainty is short-lived, and in the case of CC configuration is likely to be infrequent, so we do not see this as a significant issue.  

	ALU
	Alt 1-a
	Alt 1-a is preferred for inter-CC. This is sufficient in prioritized scenarios in Rel-10 considered in RAN4. 

We share Panasonic’s view on possible ambiguity between the eNB and UE configurations. This issue arises even if PUSCH is rate matched around SRS for all CCs.

	ZTE
	Alt-1-a
	Alt 1-b would cause some ambiguity due to activation/deactivation status or CC reconfiguration. The scheduling restriction for Alt-1-a only exists in the case of non-align of  cell-specific SRS subframe for different CCs. We think this restriction is not serious in Rel-10. Further optimization should be considered in the future release.

	LG Electronics
	Alt 1-b
	Not to incur dropping of any SRS or PUSCH transmission in case of collision of SRS and PUSCH in the same subframe, Alt 1-b is preferred.

	Sharp
	Alt 1-a
	We don’t see the necessity to use non-aligned cell-specific SRS subframe configuration in Rel-10 because the practical number of CA is two and the scheduling restriction wouldn’t be a serious problem, similar to CQI feedback. Therefore, Alt 1-a is for the simplicity.

	Qualcomm
	Alt 1-a
	While the Alt-1-b offers potentially smaller SRS dropping rate, it incurs higher overhead if the cell-specific SRS subframes are not aligned across CCs. In other words, the PUSCH is rate matched on all CCs, as opposed to Alt-1-a where it is rate matched only on the subframes of the CCs for which the cell specific SRS is configured. We believe that the SRS dropping rate can be minimized with the appropriate scheduling, and hence the potentially increased overhead of the Alt-1-b is not justified.

	RIM
	Alt-1-b with modification
	With Alt-1-a, the excessive SRS dropping is expected because SRS cannot be transmitted when PUSCH is scheduled on at least one CC. 

To reduce PUSCH throughput degradation, it would be desirable to apply rate matching when SRS possible happens, i.e. in UE specific SRS subframe instead of cell specific SRS subframe. 
Therefore, we suggest modification of Alt-1-b as follows.

The UE rate matches any PUSCH transmitted in any subframe corresponding to a cell specific SRS subframe configured on the same CC and in any subframe corresponding to a UE specific SRS subframe (both periodic and aperiodic) on any of other CCs.

	Renesas Electronics Europe
	Alt 1-a
	We agree with some points from other companies, i.e., 

1)Less issue with Alt 1-a due to CC-reconfiguration or CC-activation/deactivation

2)Alt1-b may result in heavy PUSCH puncturing if the cell-specific SRS subframes are not aligned across CCs, and
3) If the cell-specific SRS subframes are aligned across CCs, the two options are actually identical 

Thus we prefer Alt 1-a over Alt 1-b.

	Ericsson
	Alt 1-a 
	The modified option 1-b with puncturing for UE specific subframes makes more sense than the  original option 1-b. However,  1-a appears to be a good baseline solution for Rel-10. 

	CATT
	Alt 1-a
	Considering that Alt-1-b may introduce ambiguity of PUSCH rate matching between UE and eNB during CC activation/deactivation, it is not preferred. SRS dropping caused by Alt-1-a can be avoided by configuring the same set of cell-specific SRS subframes for multiple UL CCs. Hence, our current preference is Alt-1-a.

	Texas Instruments
	Alt 1-a
	For simplicity and it avoids CC activation/reconfiguration issues.

	Huawei
	Alt 1-a
	Alt-1-b suffers from possible uncertainty at the eNodeB on the exact UE configuration, even if the rate matching is based on configured CCs. So it is more reasonable that rate matching is done only when SRS and PUSCH are to be transmitted on the same CC, which is the same behaviour as Rel-8/9. If SRS and PUSCH are to be transmitted in the same symbol on different CCs, SRS should be dropped at least for the power limited UE. Thus, Alt-1-a is preferred.

	NTT DOCOMO
	Alt 1-a
	We prefer simple procedure and same behavior as intra-CC case is desirable for robustness of PUSCH transmission, i.e., to avoid ambiguity due to CC reconfiguration. 

	Nokia Siemens Networks, Nokia
	Alt 1-a
	Alt 1-a may have a problem of excessive SRS dropping in some cases but with Alt 1-b there can be ambiguity on PUSCH rate matching during CC reconfigutation or CC activation/deactivation. We slightly prefer Alt 1-a

	Motorola Mobility
	Alt 1-a
	Prefer Alt 1-a due to simplicity, no ambiguity due to activation/deactivation and CC reconfiguration, no un-necessary rate matching in case of non-aligned cell-specific SRS subframes.  


SRS + SRS, intra CC
	Company
	Preferred Solution
	Comment

	Sharp
	- Simultaneous SRS and  SRS transmission is not allowed

- For the Collision between periodic SRS and aperiodic SRS, periodic SRS is dropped

- For the Collision among aperiodic SRSs, aperiodic SRS is transmitted using the RRC-configuration in the latest UL-grant with aperiodic SRS trigger
	<background>

Simultaneous transmission of periodic SRS and aperiodic SRS even in one CC is theoretically possible depending on their frequency position. We should clarify intra-CC case because periodic SRS and aperiodic SRS may collide in the same subframe.

Similarly, “collision of A-SRS+A-SRS” need to be discussed because UE may receive multiple UL-grants with A-SRS trigger, which indicate different RRC-configuration states but the same subframe on which A-SRS is to be transmitted. 
<comment for the solutions>
- Only one SRS transmission should be allowed for the simplicity. In the case of non-power limited situation, full-bandwidth SRS would be configured, and only one SRS transmission is enough.

- As mentioned earlier, when periodic SRS is more important than aperiodic SRS, eNB can suspend aperiodic SRS trigger. Thus it is natural to prioritize aperiodic SRS.

- Basically, the situation where a UE receives multiple aperiodic SRS triggers with different configurations is an error case considering DTX. Therefore, the simplest design to determine one configuration to use would be preferred.

	LG Electronics
	
	In case of collision of periodic and aperiodic SRS transmission in the same cell, periodic SRS transmission should be dropped because the aperiodic SRS is triggered intentionally by eNB.

And in case of collision of aperiodic SRS transmissions in the same cell, it looks like mis-triggering of eNB. We don’t see any necessity of multiple aperiodic SRS triggering in the same cell.  

	Panasonic
	For A-SRS+P-SRS, A-SRS is prioritized and P-SRS should be dropped.

For A-SRS+A-SRS, UE should follow the last A-SRS trigger
	For collision of periodic SRS and aperiodic SRS, to prioritize the aperiodic SRS over periodic SRS configuration is useful in order to follow the latest demand of the traffic. Hence, aperiodic SRS should be prioritized and periodic SRS should be dropped (A-SRS > P-SRS).
For collision of aperiodic SRS and aperiodic SRS, i.e. in case UE received multiple A-SRS trigger for the same SRS transmission subframe, UE should follow the last A-SRS trigger in order to allow eNB to change the decision of A-SRS triggering during the candidate subframes for transmission of A-SRS trigger for a given SRS transmission subframe. This allows for triggering A-SRS taking into account the latest BSR(buffer status report) or SR(scheduling request) reported from UE. See our contribution R1-110210 for detail. 



	Qualcomm
	Only one SRS should be transmitted at a time. Aperiodic SRS takes priority over periodic SRS.
	For simplicity, only one SRS should be transmitted at a time. When periodic and aperiodic SRS are due at the same time, the aperiodic SRS should take the precedence, as it represents more dynamic and current network need for the particular information. More than one aperiodic SRS request for the same subframe should be treated as a misconfiguration.   

	RIM
	
	For the case when the UE receives multiple aperiodic SRS triggering for the same SRS transmission subframe, it seems reasonable to transmit aperiodic SRS based on the latest triggering. It would give some flexibility for the eNB to change aperiodic SRS configuration if needed.  

	Fujitsu
	For intra-CC SRS+SRS, only one SRS is transmitted.

More detail is as follows:

In the case where periodic SRS and aperiodic SRS coincide on the same UL subframe, drop the periodic SRS.

For the case where multiple aperiodic　SRSes are triggered for  the same UL subframe, we have no strong preference. A possibility we could have is to transmit the widest SRS only if the triggered SRSes have different bandwidths. 

Simultaneous transmission of multiple periodic SRSes on the same subframe should be treated as a configuration error.
	For simplification of UE operation, one SRS per one UL component carrier is preferred. Though it depends on how the transmitter is implemented, simultaneous transmission of periodic SRS and aperiodic SRS on the same subframe on the same UL component carrier could possibly slightly increase transmitter circuitry complexity.
There seems to be no benefit from simultaneous transmission of periodic SRS and aperiodic SRS on the same subframe on the same UL carrier. Such a situation can be typically seen when a UE is configured with a periodic transmission of narrow-bandwidth SRS, there are some room for an aperiodic SRS transmission on a particular UE-specific SRS subframe of the UE and the serving eNodeB wants the UE to transmit an aperiodic SRS on the room. In that case, our preference is to drop the periodic SRS and transmit the triggered aperiodic SRS (possibly having a wider bandwidth than the periodic SRS). The aperiodic SRS may cover the frequency position of the dropped periodic SRS.

	Renesas Electronics Europe
	Only one SRS should be transmitted at a time.
	In case of collision between periodic SRS and aperiodic SRS on the same CC, the latter shall be prioritized since it reflects the latest request from the network side. 

In case more than one aperiodic SRS would be triggered for the same subframe, it shall be considered as a misconfiguration. Other mechanism such as that UE shall follow the last request is not preferred since it would result in error case if UE misses the last request.

	Ericsson
	Transmit only one SRS, aperiodic SRS has priority over periodic SRS
	

	CATT
	It is supported to transmit multiple SRSs on the same or different UL CCs in the same SC-FDMA symbol
Reuse the PUSCH power scaling method for multiple SRS transmissions in the same SC-FDMA symbol


	The same approach can be applied to SRS+SRS inter-CC and intra-CC

	Texas Instruments
	Transmit one SRS. Prioritize aperiodic over periodic SRS.
	

	Huawei
	- Simultaneous SRS and  SRS transmission on the same CC is not allowed

- For the collision between periodic SRS and aperiodic SRS, periodic SRS is dropped
- For the collision among aperiodic SRSs with different triggering parameters, all aperiodic SRSs should be dropped.

	For the collision between periodic SRS and aperiodic SRS, periodic SRS is dropped, because aperiodic SRS is triggered by eNB instantly and should be more preferred.  
For the collision among aperiodic SRSs with different triggering parameters for the same UE, it should be considered as an error case. 

	NTT DOCOMO
	Only one SRS should be transmitted from the same UE on a same CC.

Aperiodic SRS is prioritized over periodic SRS.
	There is no motivation to transmit multiple SRS on a same CC, unlike the SRS+SRS with inter-CCs case. 

	Nokia Siemens Networks, Nokia
	Only one SRS should be transmitted at a time. Aperiodic SRS should be prioritized compared to periodic SRS
	

	Motorola Mobility
	Only one SRS transmission by a UE on the same CC. 

Aperiodic SRS is prioritized over periodic SRS.
Transmit SRS corresponding to Aperiodic SRS trigger from the latest UL grant. 
	


SRS + SRS, inter CCs
	Company
	Preferred Solution
	Comment

	Panasonic
	- SRS on Pcell should be transmitted and SRS on Scell should be dropped.
- A-SRS should be transmitted and P-SRS should be dropped.
- If there is no SRS on Pcell and there is multiple P-SRSs on Scell, P-SRS on Scell with UCI transmission should be prioritized. 


	In the ad-hoc session, it was agreed “No simultaneous PUSCH and SRS” is supported for all Rel-10 UEs. Similarly, the 2nd option (i.e. drop) would need to be supported by all Rel-10 Ues since simultaneous transmission of SRS+SRS may not be specified in RAN4 in Rel-10 time frame. Even if simultaneous SRS+SRS is allowed in Rel. 10, there still remain unclear usages of power scaled SRSs in power limited case. Hence, we prefer no simultaneous SRS and SRS as Rel. 10 UE behaviour.

Then, the relation among A-SRSs can be controllable at eNB. The relation among P-SRSs can be also controllable if the periodicity is same between CCs.  Hence, since collision among A-SRSs and among P-SRSs (with same periodicity) can be avoided by network, such combinations should be treated as misconfiguration.
On the other hand, A-SRS > P-SRS is useful similar to the intra CC case. To prioritize SRS on Pcell over SRS on Scell (SRS on Pcell > SRS on Scell) is also useful since UCI is multiplexed on PUSCH on Pcell if UE has a PUSCH on Pcell and also Pcell would be generally used than Scell especially when traffic is low. Hence, A-SRS on Pcell should be prioritized over P-SRS on Scell
The other cases are basically considered as misconfiguration due to controllability by network.  If predefined rule is needed for the collision between P-SRSs on Scell with different periodicity, just to simply following outcome of UCI on PUSCH, e.g., P-SRS on Scell with highest priority is transmitted according to predefined priority of PUSCH selection for UCI transmission on Scell, could be utilized.

Therefore, regarding which SRS should be transmitted, our view is that SRS on Pcell should be transmitted than SRS on Scell and A-SRS should be transmitted than P-SRS. If there is no SRS on Pcell and there is multiple P-SRSs on Scell, P-SRS on Scell with UCI transmission should be prioritized. 

	Samsung
	Predefined priority, aperiodic SRS should be prioritized over periodic SRS,

	We think that leaving one SRS according to a predefined priority is a natural solution under <Alt 2. No simultaneous PUSCH (and other physical channels) and SRS is allowed>. For the predefined priority, aperiodic SRS should be prioritized over periodic SRS, for eNodeB’s scheduling flexibility of SRS.

	InterDigital
	Transmit only one SRS with predefined priority rule(s). Aperiodic prioritized over periodic, Pcell prioritized over Scell, Predefined rule for Scells only
	To be consistent with the rationale for the agreement on not supporting simultaneous PUSCH and SRS transmission in the same symbol, more than one SRS should not be supported. In the case that multiple SRS s are scheduled for a UE in a particular subframe, the following rules may be applied in order to pick up one SRS to be transmitted: 

· Aperiodic SRS has priority over periodic SRS (regardless on which Cell (Pcell or Scell) aperiodic SRS is transmitted)

· SRS on Pcell has priority over SRS on any Scell.

· If there are only periodic SRSs on Scells, use a predefined priority, for example, transmit SRS on the Scell with the lowest Cell index.

	ALU
	- SRS on Pcell is prioritized over SRS on the Scell
- A-SRS is prioritized over periodic SRS (for intra-CC)
	SRS on multiple CCs can be configured to avoid collision in most cases. Collision is rare event thus no additional priority is needed to solve SRS collision problem.

In case of collision between the A-SRS and periodic SRS on the same CC, prioritizing A-SRS would allow on-demand, flexible use of A-SRS.

	ZTE
	Whether simultaneous transmission of multiple SRS is higher layer configured. If not configured, predefined priority is applied.
	Considering R10 support multiple PUSCH simultaneous transmission, so we suggest that multiple SRS can also be transmitted simultaneously in case of SRS only UL transmission.

· If it is higher layer configured to transmit multiple SRS simultaneously, the UE shall transmit all SRS .

· If it is not higher layer configured to transmit multiple SRS simultaneously, the UE shall only transmit the SRS of the CC with highest priority and drop the SRS of all the other CCs.

· A-SRS is prioritized over periodic SRS;

· SRS on Pcell is prioritized over SRS on Scell;

· SRS on the CC with concurrent transmission of PUSCH prioritized over the one without.

· SRS on the CC with lower CC index prioritized over that one with higher CC index. 



	LG Electronics
	Single SRS transmission with predefined cell order and prioritized aperiodic SRS rule.
	We also share the same views with other companies, not to permit simultaneous transmission of multiple SRSs. And the following rules are necessary.

· Rule 1: Predefined cell order, for example SRS in Pcell is prioritized over SRS in Scell.

· Rule 2: Aperiodic SRS is prioritized over periodic SRS transmission regardless of Rule 1.

	Sharp
	Aperiodic SRS is prioritized over periodic SRS. And then follow the pre-defined priority order
	When periodic SRS is more important than aperiodic SRS, eNB can suspend aperiodic SRS trigger. Thus it is natural to prioritize aperiodic SRS. Regarding the priority order, the same definition as other functionality (e.g. UCI on PUSCH) should be reused for the simplicity.

	Qualcomm
	Only one SRS should be transmitted at a time. Aperiodic SRS is prioritized over periodic SRS. The priority order for periodic SRS is RRC configured, with the PCC always taking the highest priority. 
	In case of simultaneous SRS on multiple CCs from one UE, following the same mindset as in the previous case of simultaneous PUCCH/PUCCH and SRS and impact to the RAN 4 testing, only one SRS should be transmitted at a time. The priority order should be RRC configured, with the PCC always taking the highest priority. When periodic and aperiodic SRS are due at the same time, the aperiodic SRS should take the precedence, as it represents more dynamic and current network need for the particular information.  

	RIM
	No simultaneous multiple SRSs.

Aperiodic SRSand SRS with PUSCH are prioritized. 

	Due to difficulty in defining performance requirement in RAN4 for simultaneous PUSCH and SRS transmission, the agreed baseline approach is no simultaneous PUSCH and SRS transmission in Rel-10. For the similar reason, Alt 2 here should be preferable as the baseline in Rel-10.
In case when multiple SRSs happen to be transmitted in the same subframe, SRS having high priority should be selected. We identified two kinds of high priority SRS in the following order.  

· Aperiodic SRS 

· SRS with PUSCH: Since the UE does not transmit PUSCH in UL CC unless it is scheduled, UE battery power can be saved without separate activation or deactivation for UL CCs in CA. When PUSCH is not scheduled, periodic SRS is not so important because the eNB would not schedule data traffic the corresponding UL CC. Therefore, it is desirable to transmit periodic SRS of the CC where PUSCH could be scheduled.
If there is no corresponding case as mentioned above or there are multiple SRS having same priority, the UE could select SRS to transmit based on the simple rule like from the CC with lowest Cell Index.

	Fujitsu
	One SRS is transmitted.

Prioritise SRS on Pcell over SRS on Scell(s).

Always prioritise aperiodic SRS over periodic SRS.
	(In the case of periodic SRS on Pcell and aperiodic SRS on Scell, drop periodic SRS on Pcell.)

	Renesas Electronics Europe
	Only one SRS should be transmitted at a time.
	Regarding this we have similar view as many other companies, i.e., in case multiple SRS collide for the inter-CC case, one out of all shall be prioritized. The rules for such prioritization may be the following 1) SRS on PCell shall be prioritized, 2) aperiodic SRS shall be prioritized over periodic SRS, and 3) predefined prioritization in case of multiple periodic SRS on SCells

	Ericsson
	Only one SRS is transmitted, aperiodic SRS has priority of periodic SRS
	Since the case with a single SRS needs to be supported, this can be the baseline for rel-10. The UE can assume that at most one aperiodic SRS is triggered and that at most periodic SRS is configured in the same symbol.

	CATT
	It is supported to transmit multiple SRSs on the same or different UL CCs in the same SC-FDMA symbol
Reuse the PUSCH power scaling method for multiple SRS transmissions in the same SC-FDMA symbol


	The same approach can be applied to SRS+SRS inter-CC and intra-CC

	Texas Instruments
	Only 1 SRS is transmitted.
	Similar view to Ericsson. By implementation eNB configuration can avoid collision for periodic SRS. Only one aperiodic SRS should be scheduled in a subframe. Prioritize aperiodic over periodic in case of collision of one aperiodic with periodic SRS transmission(s).

	Huawei
	TDM can be considered as a baseline for transmission of multiple SRS for different CCs in Rel-10.

•if aperiodic SRS for a cell is to be transmitted with periodic SRS for other cell(s) in the same subframe, drop all the periodic SRS.
•Drop all SRS in the same subframe where periodic SRS for multiple cells are configured.
•Drop all SRS in the subframe where aperiodic SRS for multiple cells are to be transmitted.

	For transmission of periodic SRS for multiple CCs, TDM is a good choice to avoid collision. For FDD, TDM is feasible even for the case of 5 aggregated carriers, if 5ms period is considered. For TDD, TDM is feasible at least for Rel-10 typical scenario with 2 aggregated carriers, considering UpPTS can also be used to transmit SRS as in Rel-8. Thus TDM can be considered as a baseline for transmission of multiple SRS for different CCs in Rel-10. 

	NTT DOCOMO
	More than one simultaneous SRS transmission from the same UE on different CCs should be allowed for wide band sounding using one-shot SRS transmission.
Equal power scaling would be sufficient, if a UE is power limited. 

	Multiple SRS transmission on different CCs is the most straightforward way to achieve wider sounding bandwidth using one-shot SRS transmission. If not applying multiple SRS transmission, one-shot sounding for all configured UL CCs is no longer impossible in the uplink. 
We note that, for the downlink, a similar functionality, i.e., aperiodic CQI reporting for all configured DL CCs, has been agreed. 
Unlike the PUCCH+SRS and PUSCH+SRS case, NW could avoid to large extent that simultaneous SRS transmission is scheduled to power limited UE. Thus, unreliable unlink sounding due to large power scaling of SRS from power limited UE could be avoided.

	Nokia Siemens Networks, Nokia
	Only one SRS should be transmitted at a time. Aperiodic SRS has a priority compared to periodic SRS. A predefined priority should be used for other SRS transmissions.
	

	Motorola Mobility
	Only one SRS transmission by a UE in a given SC-FDMA symbol. 
Aperiodic SRS is prioritized over periodic SRS.
	Collision of periodic SRS should be avoided by eNB configuration. UE behavior is undefined in case of periodic SRS collision (i.e., SRS for which CC is transmitted)

Similarly, collision of aperiodic SRS can be avoided by eNB and UE behavior is undefined in case of aperiodic SRS collision on multiple CCs. 


PUCCH + SRS, inter CCs
	Company
	Preferred Solution
	Comment

	Panasonic
	SRS should be dropped.
	Similar to PUSCH+SRS case, SRS should be dropped. 
Use of PUCCH with shorten format for a subframe in which cell specific SRS subframe is configured in any CCs is a possible approach. However, it is necessary to newly define shorten format for PUCCH format 2. This is not preferable. Hence, SRS on Scell should be dropped in case of PUCCH+SRS in inter CCs.

	Samsung
	- Configuration of whether to drop SRS or to use a shortened format for HARQ-ACK+SRS
- Define shortened CQI format for CQI+SRS
	For PUCCH+SRS, we separately consider HARQ-ACK + SRS and CQI + SRS, as Rel-8 is treating two cases separately. 

We first consider HARQ-ACK + SRS. In Rel-8, we have a configuration of whether to drop SRS or to use a shortened format for HARQ-ACK. It is a simple matter to extend the meaning of Rel-8 configuration to CA. Our proposal is as follows:
If dropping SRS is configured, a UE drops SRS in all the CCs whenever the UE is scheduled to transmit HARQ-ACK.
Else if a shortened format is configured, the UE uses shortened HARQ-ACK transmitted in any subframe corresponding to a cell specific SRS subframe configured on any of the CCs.

Next, we consider CQI + SRS. Along the same line of thinking for PUSCH+SRS, we propose that the UE uses shortened CQI transmitted in any subframe corresponding to a cell specific SRS subframe configured on any of the CCs. In this case, we need to define shortened CQI format. 

	InterDigital
	Similar UE behavior as in Rel’8/9
	Similar to Rel’8/9, if the UE is configured for no simultaneous PUCCH and SRS transmission, then drop SRS. Otherwise, the UE will transmit both SRS and PUCCH if a shortened format is defined for the PUCCH. Defining a shortened format for PUCCH format 2/2a/2b and PUCCH format 3, respectively, is TBD. If a shortened format for the respective PUCCH format will not be defined, then drop SRS.

	ALU
	SRS on Scell is dropped in Rel-10.


	Simultaneous transmission of PUCCH and SRS in RAN4 would require additional RF requirements in RAN4. If this is not defined, drop SRS on the Scell.

	ZTE
	Based on the PUCCH formats and SRS type.
	· When PUCCH format 1/1a/1b/3 and SRS happen to collide in the same subframe, if ackNackSRS-SimultaneousTransmission is TRUE and the subframe is a cell-specific SRS subframe for Pcell, the UE use shortened PUCCH format 1/1a/1b/3 and transmit the SRS in the last symbol, otherwise, the UE use normal PUCCH format 1/1a/1b/3 and drop the SRS.

· When PUCCH format 2/2a/2b with ACK/NACK transmission and SRS happen to collide in the same subframe, the UE shall transmit the PUCCH format 2/2a/2b and drop the SRS.

· When PUCCH format 2 without ACK/NACK transmission and aperiodic SRS happen to collide in the same subframe, the UE shall transmit the aperiodic SRS in the last symbol and drop the PUCCH format 2. Since the A-SRS is triggered if necessary, therefore, we think it should prioritize over periodic CSI.
· When PUCCH format 2 without ACK/NACK transmission and periodic SRS happen to collide in the same subframe, the UE shall transmit the PUCCH format 2 and drop the periodic SRS.
Note this is also applicable for the case of PUCCH +SRS  intra CC.

	LG Electronics
	SRS should be dropped in Rel-10
	In case of collision of periodic or aperiodic SRS and PUCCH transmission in the last symbol of the same subframe, the periodic or aperiodic SRS transmission should be dropped.

	Sharp
	- SRS should be dropped when normal format for HARQ-ACK is configured

- Shortened format for HARQ-ACK + SRS is possible
	PUCCH should be the first priority, and SRS should be dropped following the mechanism for PUSCH+SRS.

If Shortened format is configured, SRS transmission should be possible similar to intra-CC case.

	Qualcomm
	Simultaneous PUCCH and SRS can be considered similarly as in Rel-8
	· No simultaneous PUCCH and SRS in the same symbol from the same UE

· ACK/NACK + SRS

· If Simultaneous-AN-and-SRS for PCC is set to TRUE by higher layers, the shortened format for ACK/NACK is assumed, and SRS can be transmitted on the same subframe. The shortened format is utilized in any subframe corresponding to the cell specific SRS subframe on any of the configured CCs. This allows SRS to be transmitted on any configured CC without dropping

· Otherwise, if Simultaneous-AN-and-SRS for PCC is set to FALSE by higher layers, the SRS transmission on any subframe corresponding to the cell specific SRS subframe on any of the configured CCs is dropped if ACK/NACK transmission occurs in the same subframe 

· CQI  + SRS

· SRS is dropped.

	RIM
	Transmit either PUCCH or SRS
	With the same reason on simultaneous transmission of PUSCH and SRS, the baseline should be no simultaneous transmission PUCCH and SRS in the last symbol in inter CCs.
In case of CQI+SRS, SRS could have priority if it is aperiodic SRS or the periodicity of SRS is longer than one of CQI. Therefore, we suggest to select uplink channel based on PUCCH format and SRS type. 

· A/N + SRS: SRS is dropped unless shortened PUCCH is used in the other CC
· CQI+ periodic SRS:  periodic SRS is dropped or the uplink channel between CQI and periodic SRS with larger period is transmitted. . 
· CQI + aperiodic SRS: CQI is dropped and aperiodic SRS is transmitted.


	Fujitsu
	It depends on what the PUCCH conveys on the subframe and which PUCCH format is used (when the PUCCH is used for ACK/NACK transmission).

Our preference is to drop SRS in Rel-10.

	In the case of ACK/NACK + SRS, most proper solution could be different for different PUCCH formats.

For Rel-10, we would like to have the simplest solution to the case of PUCCH + SRS instead of having condition-specific solutions.

	Renesas Electronics  Europe
	SRS shall be dropped 
	Simultaneous SRS and PUCCH transmissions may require definitions of shortened format for PUCCH format 2/2a/2b and PUCCH format 3. In this case our preference is to adopt the simplest solution, i.e., SRS shall be dropped. 

	Ericsson
	
	SRS and PUCCH should not be transmitted simultaneously in any symbol

	CATT
	
	Shortened PUCCH formats shall be used in cell-specific SRS subframes of the UL PCC, and drop SRS on any SCells it collides with PUCCH on PCell in the last SC-FDMA symbol from the same UE

	Texas Instruments
	Drop SRS on SCell in case of collision with PUCCH
	

	Huawei
	It depends on the behavior of PUSCH+SRS for inter-CCs.

· If Alt 1-a is used for PUSCH + SRS inter-CCs, SRS is dropped when transmitted on Scell, otherwise SRS is transmitted together with shortened PUCCH on Pcell. 

· If Alt 1-b is used for PUSCH + SRS inter-CCs, SRS is transmitted together with shortened PUCCH on the same or different cells.
	The similar UE behavior of SRS for PUSCH+SRS and PUCCH+SRS is proposed regarding whether SRS is dropped.



	NTT DOCOMO
	Drop SRS on SCell
No shortened format for PUCCH format  2/2a/2b

	Simultaneous SRS and PUCCH transmission from the same UE in the same SC-FDMA symbol should not be allowed. 
Regarding PUCCH shortened format, the same behavior as Rel-8/9 should be kept, that is, no shortened format for PUCCH format 2/2a/2b should be supported.

	Nokia Siemens Networks, Nokia
	If last symbol of the subframe is used for the PUCCH then SRS transmissions are dropped
	Shortened PUCCH format 1/1a/1b can be used to transmit PUCCH and SRS in the same subframe. In order to reduce SRS dropping, shortened PUCCH format 2/2a/2b could also be specified

	Motorola Mobility
	Drop SRS on SCell. 
Similar behavior as Rel-8/9 for PCell.
	On PCell, transmit SRS if shortened PUCCH format for HARQ-ACK (PUCCH format 1/1a/1b/3) is configured, Drop SRS for CQI PUCCH format 2/2a/2b. No new shortened PUCCH format for 2/2a/2b.


 3

_1355998354.ppt


Case 1: Aligned SRS subframes

		Alt1a and Alt1b are identical.
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Case 2: Non-aligned SRS subframes

		With Alt 1a, to transmit SRS as scheduled in one CC, PUSCH should not be scheduled the other CCs. 



 Scheduling restriction



		With Alt 1b, SRS can be simultaneously transmitted with PUSCH.



 Loss of one SC-FDM symbol, with scheduling flexibility
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or rate-matching(Alt 1b)
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