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1
Introduction
The multiplexing structure of SRS with other physical channels has been debated in the reflector over the past few months. In this document, we present our views on SRS multiplexing with PUCCH and PUSCH.
2
Uplink Sounding RS
The uplink sounding RS is an orthogonal broadband pilot channel (SRS) that serves multiple purposes:
· Reference for eNB receiver loops

· Time tracking

· Closed loop power control

· Assist eNB uplink scheduling strategy
· Rate control
· Frequency selective scheduling

· SDMA operation

This is a separate PHY channel that is assigned to each UE by L3 signaling. Each UE periodically transmits its SRS, with a configurable periodicity and bandwidth.
From an overall system level viewpoint, we propose the following:
· Certain subframes are allocated for SRS transmission within the system

· The subframes, in which SRS transmission is configured, are indicated in D-BCH
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Figure 1

System Configuration of Uplink SRS – Signaled in D-BCH
We observe the following:

· All UEs are aware of the subframes where SRS is configured in the system

· This does not necessarily imply that a UE is configured with an SRS

In the subframes where SRS is configured, we propose the multiplexing structure shown in Figure 2:

· 1 LFDM symbol in that subframe is reserved for SRS

· Reserved LFDM symbol not utilized by any UE for PUSCH or PUCCH transmission

· For all UEs in the system:
· PUSCH is rate matched taking into account the SRS transmission over the reserved LFDM symbol 

· ACK (PUCCH) is transmitted with a new shortened format to retain time domain orthogonality

· CQI (PUCCH) is rate matched taking into account the SRS transmission over the reserved LFDM symbol
· For a UE transmitting SRS in that subframe, the transmission of SRS is not affected by the presence or absence of other PHY channels

· The transmission bandwidth of the SRS does not depend on the bandwidth occupancy of PUCCH

· This will avoid the need to reconfigure the sounding bandwidth based on varying PUCCH bandwidth occupancy
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Figure 2

Multiplexing in Subframes where SRS is Configured – Short CP
The allowed configurations, when a given UE needs to transmit SRS and PUCCH/PUSCH, are outlined in Table 1.

· SRS and PUSCH can be transmitted in same subframe

· PUSCH is rate matched taking into account the SRS transmission 
· SRS and PUCCH can be transmitted in the same subframe

· ACK (PUCCH) is transmitted with shortened format

· CQI or jointly coded CQI+ACK (PUCCH) is rate matched taking into account the SRS transmission
	PUCCH or PUSCH Format
	SRS
	PUCCH (ACK)
	PUCCH (CQI)
	PUCCH (CQI+ACK)
	PUSCH

	Shortened
	Yes
	Yes
	-
	-
	-

	Rate Matched
	Yes
	-
	Yes
	-
	-

	Rate Matched
	Yes
	-
	-
	Yes
	-

	Rate Matched
	Yes
	-
	-
	-
	Yes


Table 1

SRS Multiplexing Configurations
In sections 3 and 4, we outline our reasons for adopting the multiplexing structure shown in Table 1.
3
Multiplexing of SRS and PUCCH (ACK)

On the reflector, several views have been expressed on this topic, classified into two scenarios:

· UE transmits PUCCH with a shortened PUCCH format, retaining time domain orthogonality for ACK

· UE transmitting SRS abandons SRS transmission and instead, transmits only ACK
We believe we must allow for simultaneous transmission of PUCCH (ACK) and SRS. 

In a packet data system, the downlink data is very bursty and one frequently encounters scenarios where a UE is continuously scheduled in the downlink. Allowing the UE to abandon SRS transmission when it transmits the ACK, would imply that during a downlink data burst session, the UE would never transmit SRS for potentially several contiguous subframes. This hinders the performance of uplink time tracking loops, uplink PUSCH scheduler (for corresponding TCP ACKs) and power/interference control.
Figure 3 shows the nominal PUCCH format for FS1 with normal CP. Figures 4 and 5 show two possible shortened PUCCH formats for the transmission of ACK information in subframes where an SRS transmission is configured. 
[image: image3.jpg]Freq

Time

v

ACK ACK ACK ACK ACK ACK ACK ACK
PUSCH
ACK ACK ACK ACK ACK ACK ACK ACK

A

0.5ms

A\ 4

A

0.5 ms

v




Figure 3

ACK – Nominal Format – Short CP
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Figure 4

ACK – Shortened Format A – Short CP
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Figure 5

ACK – Shortened Format B – Short CP
The multiplexing capability per RB of different formats, assuming cyclic shift separation of 2 samples, is shown in Table 2.

	Format
	Low Doppler
	High Doppler

	Nominal
	18
	12

	Shortened A
	18
	18


	Shortened B
	12
	12


Table 2
SRS + ACK
We propose to pick only one shortened format, pending simulations.
4
Multiplexing of SRS and PUCCH (CQI, CQI+ACK)

On the reflector, several views have been expressed on this topic, classified into two scenarios:

· Option 1 -- UE transmits PUCCH with a shortened PUCCH format, puncturing CQI coded bits

· Option 2 -- Never configure SRS and CQI in the same subframe
We believe that while option 2 is very much a likely configuration in lightly loaded scenarios, we need to allow for the transmission of both channels in a loaded E-UTRA system. The lack of such a possibility places an unnecessary constraint on the system configurations, especially in TDD systems where one is interested in exploiting channel reciprocity using SRS, while relying on CQI for downlink interference estimate. 

Further, if one considers joint coding of ACK and CQI when transmitted simultaneously on PUCCH, the UE cannot abandon the jointly coded CQI+ACK transmission on PUCCH.
Figure 6 shows the PUCCH format for nominal CQI or CQI+ACK transmission for FS1 with the normal CP. Figure 7 shows the PUCCH format for subframes where the SRS transmission is configured. 
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Figure 6

CQI – Nominal Format – Short CP
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Figure 7

CQI – Rate Matched Format – Short CP
5
Summary
Based on the discussions in sections 2, 3 and 4, we propose to adopt the following as the basis of SRS multiplexing with the rest of PHY channels:
· Certain subframes are allocated for SRS transmission within the system

· The subframes and the LFDM symbols therein, in which SRS transmission is configured, are indicated in D-BCH

· In the subframes where SRS is configured:

· 1 LFDM symbol in that subframe is reserved for SRS

· Reserved LFDM symbol not utilized by any UE for PUSCH or PUCCH transmission

· For all UEs in the system:

· PUSCH is rate matched taking into account the SRS transmission over the reserved LFDM symbol 

· ACK (PUCCH) is transmitted with a new shortened format to retain time domain orthogonality

· CQI (PUCCH) is rate matched taking into account the SRS transmission over the reserved LFDM symbol
Appendix

Figures 8-11 outline the ACK and CQI multiplexing structures for long CP.
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Figure 8

ACK – Nominal Format – Long CP
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Figure 9

ACK – Shortened Format – Long CP
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Figure 10

CQI – Nominal Format – Long CP
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Figure 11

CQI – Rate Matched Format – Long CP







































































































































































































































































































































































































































































































































































































































































































































































































































� Susceptible to co-channel interference in very high doppler scenarios






