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1. Introduction

This document provides the summary of UL RS email reflector discussions during August 1-17, 2007.

2. UL DM RS Design Issues
The discussed issues are outlined below. In addition, a decision is needed on the cyclic shift hopping for the PUSCH DM RS (currently FFS). The possibilities are to have this PUSCH DM RS cyclic shift hopping as optional (can be enabled or disabled), to permanently enable it, or to permanently disable it. Details on the hopping pattern may be discussed, if needed, after a decision is made.
PUCCH DM RS Sequence Hopping (same for ACK/NAK and CQI)
The following issues were raised for discussion:
a) Should the signaling of the sequence hopping pattern be explicit or implicit? 

Explicit signaling may be though the D-BCH. Implicit signaling may be through the cell-ID (or cell-group ID) and the sub-frame number. 

b) Should sequence hopping be applied to the PUCCH (impact on performance due to the large probability of collisions) or should planning be used (need to have a large number of sequences)?

No clear outcome emerged from the discussions as opinions were divided on the signaling method of the sequence hopping pattern. Regarding the sequence hopping itself, the impact from sequence collisions in adjacent cells on the PUCCH performance was mentioned as a shortcoming of sequence hopping. 
Further discussion is needed on both issues.

PUCCH DM RS (and ACK/NAK) Orthogonal Cover Hopping
All definite opinions expressed support for orthogonal cover hopping per slot for the PUCCH ACK/NAK sub-frame structure. However, for several companies the issue was still FFS. 

Decision: Orthogonal cover hopping (per slot) is tentatively agreed to be supported for PUCCH ACK/NAK sub-frames with final confirmation pending at the meeting.
PUCCH DM RS Cyclic Shift Hopping
The outstanding issue was whether the pattern of cyclic shift hopping per PUCCH symbol is cell-specific or UE specific. 

Decision: Pattern of cyclic shift hopping per PUCCH symbol is cell specific. 
PUSCH DM RS - SDMA:

Previous decisions were: In case of SDMA, include up to 3 bits in the UL grant to indicate the cyclic shift the UE should apply. In case of no SDMA, the cell-specific cyclic shift can be conveyed through higher layer signaling.

Regarding the number of bits in case of SDMA, the suggestions were for 2 or 3 bits. 
To be decided: The number of bits to indicate the cyclic shift in case of SDMA and whether the same number is used for all E-UTRA bandwidths. 

To be decided: Permanent presence of the bits indicating the cyclic shifts in the UL grant or use of higher layer signaling in case of no-SDMA. 
This issue should be coordinated with discussions on the UL grant contents.


Generation of UL RS Sequences (and for 1 RB, ACK/NAK and CQI Sequences)

The down-selection between cyclic extension and truncation of Zadoff-Chu sequences was supported by the majority of companies for simplicity as the two approaches have small differences in the number of sequences and CM characteristics. 

Decision: Select between cyclic extension and truncation of ZC sequences.

Decision: For small RB allocations, such as 1-2 RBs, the number of sequences is extended using computer generation methods of CAZAC sequences.
To be decided: The length of sequences for which computer generation methods apply should be further discussed at the meeting.  

3. Sounding RS (SRS) Design Issues
The discussed issues are outlined below. In addition, a decision is needed on whether bandwidth hopping of the SRS is enabled and, if so, how the hopping pattern is derived (explicit signaling, predetermined).

Multiplexing SRS Transmissions - Repetition factor (RPF) 

RPF = 2 was agreed at the last meeting but additional values were left as FFS. Also RPF = 1 was also agreed in RAN WG1#47 when multiplexing SRS of the same BW. 

A clear majority of companies suggested that RPF = 2 is adequate to support SRS with different transmission BWs. In addition, a few companies suggested that RPF = 1 may also be adequate.
To be decided: Should both RPF values (RPF = 1 and RPF = 2) or only one of them be adopted? 
Multiplexing SRS Transmissions - Transmission comb
For RPF = 2, the issue is whether signaling of the transmission comb is needed (FFS from the last meeting). All opinions were in support of signaling.

Decision: For RPF = 2, the SRS transmission comb is signaled to the UE.
Duration of SRS transmission 

The issue is whether the duration of the SRS transmission needs to be signaled.
The majority of companies supported signaling of the SRS transmission duration (can include both 1-shot and indefinite transmission – e.g. until the session ends or the eNB disables SRS transmission through higher layer). Nokia suggested that 1 bit is included in the UL grant, enabling or disabling SRS transmission.
To be decided: Should the SRS transmission period be explicitly signaled to a UE?

SRS position/symbol 

The possible sub-frame symbols for SRS transmission, other than the middle symbol in each slot carrying the PUSCH DM RS, were discussed.

The support of simultaneous transmission of SRS and PUCCH from a UE and the interaction between PRACH and SRS were also raised as factors limiting the number of possible sub-frame symbols available for SRS transmission.  

Opinions varied substantially and included the following sub-frame symbols for SRS transmission:
a) Only the 1st or 14th symbol, considering the interaction between SRS and PRACH.

b) Only the 1st, 2nd, 6th, and 7th symbols per slot, considering the simultaneous PUCCH ACK/NAK and SRS transmission from a UE.

c) Only the 1st, 3rd, 5th, and 7th symbols per slot, considering the simultaneous PUCCH CQI and SRS transmission from a UE.

To be decided: Possible UL sub-frame symbols for the SRS transmission.
CAZAC Sequence Index: 

Re-use of the DM RS sequences and signaling of the base sequence group index indicator has been decided. Therefore, no additional signaling is needed for SRS CAZAC sequence index.

Confirm Decision: The SRS sequence index is derived from the PUCCH (base) sequence index.
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