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1. Introduction

This document provides a summary for the UL RS email reflector discussions during Sep. 4 – Oct. 3, 2007. The discussion topics include the DM RS for the PUSCH and PUCCH and the SRS.
2. UL DM RS

Computer Generated Sequences for 1-2 RBs

Six companies provided CG sequences sets for 1-2 RB allocations. Evaluation results were also presented on the reflector considering the metrics agreed in R1-073878. Additional discussions focused on whether the amount with which the CM of CG sequences is less than the QPSK CM is important or just having CM less than the QPSK CM is sufficient - no agreement was reached. Not surprisingly, the proposed CG sequence sets achieve similar metrics and, for most, the differences are not expected to have a material impact on E-UTRA performance or UE implementation complexity. Several companies also considered merging sequences from the proposed sets to create a new set of CG sequences having elements from every original set.  

Proposal: Merged sequence sets should be considered to expedite agreement. 

PUCCH RS Sequence Hopping (same for ACK/NAK and/or CQI)

The issue was whether to allow for PUCCH sequence hopping because of the effect of possible sequence collisions on the PUCCH performance. It was argued that sequence hopping is already supported for the PUSCH and it can therefore be supported for the PUCCH. Also, there was some concern expressed over having to mandate planning.

Proposal: One bit in D-BCH indicates whether sequence hopping is enabled or not. The selection applies to both PUCCH and PUSCH (not necessarily the same hopping pattern). If hopping is disabled, the sequence group is indicated (5 bits for 30 groups). If hopping is enabled, the signaling of the hopping pattern is FFS (e.g. on D-BCH or cell-specific). 

PUCCH RS Cyclic Shift Hopping
The options for cyclic shift (CS) hopping are either cell-specific or resource-specific (UE-specific). 

Resource-specific CS hopping has been claimed to be beneficial for intra-cell interference randomization (R1-073643). 

Cell-specific CS hopping has been claimed to be simpler and provide better performance, as it avoids loss of inter-OC orthogonality among different CS (R1-073619), and work well with OC hopping for interference averaging (R1-073564).
There were no reflector discussions on this issue.
PUSCH Sequence Grouping
For multiple RB allocations, the agreed way forward from Kobe indicates that there are multiple sequences per group. This was motivated from the near linear dependence between the sequence length and the corresponding number of sequences. However, with CG sequences, this dependence no longer holds. 

Proposal: One sequence per group for allocations of up to 5 RBs.

The remaining issue is how many sequences per group are needed for allocations larger than 5 RBs.

One option is to have 2 sequences per group for allocations of 6 RBs and 8 RBs, 3 sequences per group for allocations of 9 RBs and 10 RBs, and so on. 

Another option is to have 2 sequences per group for all allocations above 5 RBs (2 DM RS per PUSCH sub-frame). 
Other options also exist.
3. SRS

SRS Interaction with PUCCH 

To maintain the SC property, a UE should not simultaneously transmit SRS and PUCCH (or PUSCH). There are several distinct alternatives to address this issue.
SRS interaction with ACK/NAK: 
Option 1: One symbol is punctured (similar to puncturing of one PUSCH symbol). To avoid reducing multiplexing capacity, this should be an ACK/NAK symbol and not an RS symbol. 

Advantages: No loss in throughput or SRS multiplexing capacity, no impact on power control, no scheduler restrictions to avoid repeated SRS drops. 
Disadvantages: Additional ACK/NAK PUCCH structure and performance loss of about 0.58 dB.
Option 2: SRS transmission is dropped. Reverse advantages/disadvantages of Option 1.

SRS interaction with CQI: 

Approach 1: As SRS and CQI transmissions are periodic, the scheduler assigns them in different sub-frames. The constraint is that neither the CQI nor the SRS are transmitted in every sub-frame (i.e. every 1 msec). For CQI transmission over multiple sub-frames, this is FFS. 

Approach 2: SRS and CQI transmission are allowed to occur in the same sub-frame.

Option 1: One CQI symbol is punctured to accommodate SRS transmission (one or more additional (higher) CQI code rates and puncturing patterns are needed).
Option 2: SRS transmission is dropped – no change in CQI transmission. UL throughput, SRS multiplexing capacity, and power control are affected.

After extensive discussions, differences in opinions were not resolved but the tradeoffs are now well understood. Further discussion is needed at the meeting.
SRS Transmission Bandwidth 

The issue is whether the SRS should extent outside the dynamic PUSCH bandwidth (assuming that the remaining bandwidth is roughly known through D-BCH signaling). 
Arguments in favor of keeping the SRS within the dynamic PUSCH bandwidth include the improved utilization of SRS multiplexing capacity, and hence reduction in associated overhead, timely sounding of PUSCH bands (if SRS transmissions can be in other bands), and gain in SINR estimation quality for UL scheduling. Also, puncturing of a persistent PUSCH symbol can be avoided (if the persistent PUSCH bands are towards the edges to avoid fragmentation and provide frequency diversity).

Arguments against keeping the SRS within the dynamic PUSCH bandwidth include the possible need for adaptive SRS transmission bandwidth. However, it was noted that the UE already has the capability to generate RS for all possible RB allocations (except for 1 RB). Otherwise, the number of SRS bandwidths can be limited but small fractions of the dynamic PUSCH bandwidth may not be sounded.
Proposal: The extension of the SRS bandwidth outside the dynamic PUSCH bandwidth should be “small” or none.
SRS position/symbol 

To avoid or minimize the interference between PRACH and SRS, it was suggested that the SRS be located in the last or first symbol of the UL sub-frame (R1-073629, R1-073418, R1-073691). It was also suggested that it is desirable to have multiple SRS positions in order to co-ordinate the SRS location among neighboring cells in synchronous systems (R1-072876). However, for many companies it was unclear whether such co-ordination was needed. The choices are:

a) the 1st  SC-FDMA sub-frame symbol

b) the 14th SC-FDMA sub-frame symbol

c) both 1st and 14th and possibly additional SC-FDMA sub-frame symbols

There were no extensive discussions on this issue.
Values for SRS parameters
The following SRS parameters need to be specified:
a) Bandwidth: What are possible SRS bandwidth values? At least a narrowband one and a wideband one are needed.
b) Duration: One shot and indefinite (valid until disabled or until the session ends) transmissions are two generally agreed options. Any other values?  

c) Period: Are {2, 4, 10, 20} msec agreeable values? Any need to support additional transmission periods?

d) Cyclic Shift: Should all 6 cyclic shifts be allowed (3-bits signaling) or should 3 cyclic shifts (every other cyclic shift for better interference and filter spillover protection) be allowed (2-bit signaling)? 
The only suggestion was for the number of supportable cyclic shifts.  

The maximum can be supported which is very desirable since it maximizes the SRS multiplexing capacity.
Proposal: The cyclic shift of the SRS sequence is indicated by 3 bits (6 cyclic shifts). FFS whether the 6 cyclic shifts are the same in both combs.
Additionally, all comments were in agreement that the UEs need to know the sub-frames having SRS transmission. 
Proposal: The D-BCH signals the sub-frames with SRS transmission. 
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