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1. Introduction
This document provides a summary for the UL RS email reflector discussions during June 5-20, 2007.

As some progress on the RS sequence and cyclic hopping was achieved in the last meeting and a way forward was agreed, focus was placed on two remaining issues concerning:
a) the sounding RS (SRS) transmission
b) the generation of RS sequences (and based on the PUCCH decisions, the sequences for ACK/NAK and CQI transmission without data)

Additionally, discussions continued on the issues of RS sequence and cyclic shift hopping.

2. UL RS Design Issues
Sounding RS
Based on present and past discussions and contributions on the SRS, consensus appeared to exist for signaling of some of the suggested parameters to support SRS transmission. These parameters include:

a) Transmission bandwidth (and starting bandwidth position)

b) Transmission period  
c) Cyclic shift

d) Transmission sub-frame

For the transmission period, the suggestion is that similar considerations as for the DL CQI reporting should apply and it should depend on the UE conditions (e.g. speed, system load, etc.) and left to the scheduling eNB discretion. Also, the eNB should be able to disable SRS transmission by a UE.
Remaining parameters include:

a) Repetition factor: signaled or predetermined for each operating bandwidth

b) Transmission comb: signaled or predetermined for each SRS transmission bandwidth

c) Transmission power (offset relative to DM RS transmission power – power control applies)
d) CAZAC sequence index: Signaled (broadcasted) or implicitly determined from the cell ID

Additional issues related to the SRS transmission are:

1) SRS Bandwidth Hopping: One objection was raised arguing that SRS hopping does not provide any benefits and transmission should always be over the full operating bandwidth. A few other opinions were in favor of SRS hopping and included the possibility to disable hopping but still allow for SRS transmission over a bandwidth smaller than the operating one.
a. If SRS hopping is enabled: How is the pattern derived (periodic, signaled, etc.). All possibilities (implicit or explicit, periodic or non-periodic) have been suggested.

2) SRS for antenna selection: The few comments on this were unanimous in their view that the same SRS should be used by both antennas and that the eNB knows in advance which antenna sends the SRS. Also, there should be no additional SRS overhead to support antenna selection.

3) Possible RPF values: Opinions varied and values from RPF=1 upto RPF=12 were suggested.
4) SRS transmission bandwidths: Opinions varied but the main issue appears to be the value of the smallest bandwidth. Some companies suggest that it should be in the order of 1.25 MHz to enable scheduling and ensure UL time estimation reliability while other companies suggest that it should be in the order of few RBs. It was also suggested to allow for the possibility to perform no sounding for a portion of the operating bandwidth to allow for co-existence of SRS and data.
5) Symbols for SRS transmission. Clearly, the middle symbol of each slot cannot be used because of the DM RS placement for the PUSCH. The symbols where UL control with data transmission is placed may also not be used. Further, the case where a UE has scheduled SRS transmission and happens to require ACK/NAK (and possibly CQI) transmission without data should also be considered. Moreover, the issue whether the symbol position needs to randomly vary or be planned to avoid other SRS interference should also be addressed. 
6) SRS sequence and cyclic shift hopping: The outcome may depend on the interference the SRS experiences. If it is from other SRS, sequence and cyclic shift hopping may be needed as SRS transmission will most likely be periodic and interference will be from the same UEs (even though the channel may have likely changed between SRS transmissions). If it is from UL data, further consideration is needed, mainly in case of persistent scheduling assignments.
7) SRS transmission duration: The eNB can schedule SRS transmission and disable it. Is this adequate or should an additional field denoting the duration of the SRS transmission be included (this field can be as small as 1 bit – periodic transmission versus one-shot transmission)?
Generation of UL RS Sequences (and for 1 RB, ACK/NAK and CQI Sequences)
The current options are cyclic extension or truncation of Zadoff-Chu sequences. The two approaches have some small differences in the number of sequences and CM characteristics. A choice between them may be based by considering the impact of the previous differences on performance and deployment.  There were a few suggestions to have a single option for simplicity.
Another suggestion was to use computer generated CAZAC sequences for 1 RB and possibly 2 RB allocations. The motivation is that a much larger number of CAZAC sequences can be obtained (all with CM less than QPSK and maintaining the CAZAC property), which can facilitate/allow sequence cell planning as, due to PUCCH and SDMA, a different sequence will be needed for each cell of an eNB. Several companies expressed interest in further studying this approach. 
It was mentioned that due to their larger number, the minimum and maximum cross-correlations of these sequences is respectively smaller and larger than the corresponding ones for the 10-12 sequences (cyclic extension or truncation). The mean cross-correlation is similar and the cross-correlations with other sequence lengths are also similar. For the PUSCH, it was argued that with cyclic shift and sequence hopping and HARQ, the mean cross-correlation determines the BLER. For the PUCCH, it was argued that with cyclic shift hopping per symbol, the mean cross-correlation again determines the performance. However, extensive existing simulation results do not exist to confirm whether there is any performance difference between the larger and smaller sets of sequences. 
Sequence and/or cyclic shift hopping for DM RS (and PUCCH ACK/NAK and CQI)
The discussion continued having as the reference point the decisions from the previous meeting. The topics of discussion included:
1) Signaling of the Base Sequence and Hopping Pattern
For the base sequence, suggested options were to either broadcast it or associate it with the cell ID. It was argued that the former option provides more flexible deployment. For the hopping pattern (sequence and/or cyclic shift), it was not clear whether explicit signaling is needed (the alternative being to associate it with the cell ID - with 1 bit on the BCH to indicate hopping or not - and derive the pattern from the sub-frame number). Both options allow no hopping and coordinated hopping.
2) Hopping Period Clarifications/Suggestions
For the PUSCH, the sequence and possible cyclic shift hopping period should be per slot (DM RS).

For the PUCCH, the cyclic shift hopping period should be per symbol (DM RS, ACK/NAK, CQI).

3) PUSCH DM RS: Cyclic Shift Assignment
Discussions were on whether the cyclic shift needs to be signaled to the UEs as part of the UL grant. 

In case SDMA is supported, there was agreement that this should be the case. However, it was not clear whether the UL grant should always include this overhead (several cases exist where SDMA may not be supported in a cell). Higher layer signaling for UE notification regarding the inclusion of the cyclic shift information in the UL grant and rate matching was suggested as a possibility. It was also suggested that 1 bit in the BCH may be used instead to indicate whether the UL grants contain cyclic shift information. Another suggestion was for these cyclic shifts not to be predetermined but informed to each UE through higher layer signaling. 
In case SDMA is not supported, it was not clear whether the cyclic shift needs to be UE-specific or whether it can be cell-specific.
4) PUCCH

Discussions were on several issues, including:

a) Sequences for the DM RS (and due to their structure, ACK/NAK and CQI). It was agreed that a different sequence is needed per cell. However, it was suggested that the same sequence may not be used by the PUSCH RS which may instead rely on different cyclic shift(s) per cell.
b) Cyclic shift hopping: Expressed opinions consider cyclic shift hopping per RS, ACK/NAK, and CQI symbol as necessary.

c) Orthogonal cover hopping (for the ACK/NAK structure): Expressed opinions suggested both symbol-based and slot-based hopping.

d) Sequence Hopping: It is not clear whether random sequence hopping can apply because the signals are constructed from the base sequences (1 RB) and the probability of collisions seems unacceptable for the ACK/NAK and CQI error requirements. Sequence allocation based on usual cell planning was another suggestion.
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