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1. Introduction

This document provides a summary for the UL RS email reflector discussions during Oct. 23 – 31, 2007. The discussion topics include the DM RS for the PUSCH and PUCCH and the SRS.
2. UL DM RS

RS Sequence Hopping (also for PUCCH)

Definition of Hopping patterns: Specific proposals were not discussed. Several companies suggested having the same number of hopping patterns for the base sequence groups as for the DL RS – i.e. 504 hopping patterns.
Proposal: The number of hopping patterns for the base sequence groups is 504.
Number of sequences per base sequence group for allocations larger than 5 RBs: One sequence could be selected in case of base sequence group hopping. In case of planning, possible alternatives include:
a) 1 sequence (as for allocations up to 5 RBs): No sequence hopping within the sub-frame is possible.

b) 2 sequences: Sequence hopping within the sub-frame is enabled.

c) Limit the maximum number (> 2) of sequences (6 or 8 RB allocations have 2 sequences): Sequence hopping within the sub-frame is enabled, different sequences may be used in different sub-frames for large RB allocations.

d) Grow number of sequences proportionally with the size of RB allocation.
e) Other options/variants also exist.    

The definition of hopping patterns can then follow (no need for this with the first and probably the second alternatives). All alternatives were suggested. There were also suggestions to group sequences with low cross-correlations for use in the same cell (not applicable with the first alternative).
Proposal: Decide at this meeting.
Sequence hopping for the PUCCH was agreed as an option (in addition to sequence planning). Almost all suggestions were in support of slot-based sequence hopping.
Proposal: PUCCH sequence hopping is per slot.

PUCCH Cyclic Shift and Orthogonal Cover Hopping
Support was expressed for cell-specific CS hopping with slot-based CS/OC re-mapping and for resource specific (UE-specific) CS hopping. However, the discussions were limited. 

There was agreement that cyclic shift hopping and orthogonal cover hopping are always enabled. 

Proposal: PUCCH cyclic shift hopping (per symbol) is always enabled.

Proposal: PUCCH orthogonal cover hopping (per slot) is always enabled.  
Other Outstanding Issues
Several specific proposals in respective contributions were outlined and opinions/discussions were requested. 
PUSCH DM RS Sequence Generation Definition Relative to DC Sub-carrier

The proposal is to introduce an additional shift equal to the distance of the first assigned RB (in number of sub-carriers) from the DC sub-carrier in the generation of RS sequences (for allocations larger than 2 RBs). Then, assuming different cyclic shifts for the DM RS among cells of the same eNB, and the same RB allocation between interfering DM RS, the DM RS are always orthogonal (even for partial RB overlapping). 
There was about the same number of opinions in favor and against this proposal. The argument against is that the benefits exist only in a corner case (only in case of dominant interfering UEs with the same RB allocation using the same sequence in adjacent cells of the same eNB) and additional complexity is not justified. This was refuted by the proponent.
PUSCH DM RS Design for High UE Speeds
The proposal is to use a different DM RS configuration for high speed UEs with high speeds. For the short CP sub-frame, instead of the middle SC-FDMA symbol, the DM RS is multiplexed with data prior to the DFT in the second and sixth symbols (the same principle can be extended for long CP). DM RS overhead remains the same, symbol length is preserved, and performance improves (e.g. by about 2.5 dB for QPSK/QAM16 at 350/200 Kmph).
Several opinions were against this proposal. Only the proponent company continued its support. 
DM RS Transmission Bandwidth with SDMA
The proposal fundamentally is:

a) assign the MCS/Tx_power so that all SDMA UEs occupy the same RBs

or

b) have the same DM RS size among SDMA UEs occupying different RBs to ensure DM RS orthogonality
A limited number of opinions suggested that SDMA should be transparent to the UE and the issue should be eNB implementation dependent (e.g. the DM RS BW from a SDMA UE can be the same as the PUSCH BW from that UE). The PUSCH BWs may not necessarily be the same for all SDMA UEs. It was also suggested to consider orthogonality in the time domain (different length-2 Walsh codes) – only applicable in case of 2 different bandwidths for all SDMA UEs.
3. SRS

SRS Interaction with PUCCH 

The design options are:

SRS interaction with ACK/NAK: 
Option 1: One ACK/NAK symbol is punctured.
Option 2: SRS transmission is dropped. 
SRS interaction with CQI: 

Approach 1: SRS and CQI transmissions are assigned in different sub-frames by the scheduler – FFS for multi-sub-frame CQI transmission.
Approach 2: SRS and CQI transmission are allowed to occur in the same sub-frame.

Option 1: One CQI symbol is punctured.
Option 2: SRS transmission is dropped.

Consensus could not be reached from the reflector discussions and it doesn’t appear to exist from submitted contributions. For the SRS interaction with the ACK/NAK, a majority of companies favors option 1. For the SRS interaction with the CQI, opinions are about equally split. The SRS interaction with the service request (SR) should also be considered.
SRS Transmission Bandwidth 

The main issue is whether the SRS should puncture persistent PUSCH transmissions (it was generally agreed that the SRS should not extent to the PUCCH region). Although it was generally acknowledged that SRS transmission into persistent PUSCH RBs is detrimental, further discussions are needed whether/how this can be achieved. Some possible mechanisms to have the required SRS transmission bandwidth were outlined on the reflector and in contributions and include broadcasting the dynamic PUSCH or having 1-2 bits in the UL grant to indicate if the UE can use the assigned RBs in the SC-FDMA symbol where the SRS is transmitted. We should continue discussions.
Proposal: SRS transmission excludes the PUCCH region. SRS transmission in the persistent PUSCH region is FFS.
SRS for UE Antenna Selection

Discussions were extremely limited. 
There was one suggestion to have a configurable SRS transmission period from each antenna (other options included fixed or alternate transmission periods).

For the interpretation of which antenna the UE should use for the PUSCH transmission, three suggestions were to include 1 bit in the UL grant. 
Another suggestion was the method in R1-074357: If the UL grant is in odd/even sub-frames, PUSCH transmission is from the first/second antenna. If there was an UL grant in the previous sub-frame, the same antenna is used.
Values for SRS parameters
The following SRS parameters need to be specified:
a) Bandwidth: There is agreement that at least a narrowband one and a wideband one are needed.
b) Duration: There is agreement that at least one shot and indefinite (valid until disabled or until the session ends) transmissions are needed. For several companies these two options are sufficient. 

c) Period: Opinions varied but 2 msec and 4 msec are agreeable. Additional transmission periods need to be defined, including one in the 100s of msec. A few companies suggested that powers of 2 be considered. There was also a suggestion for the transmission period to divide 40 msec.
d) Cyclic Shift: 3 bits have been agreed. Different combs can have different cyclic shifts but there was no discussion about their interpretation (e.g. how will 6 cyclic shift values be supported with maximum separation)?
Signaling of SRS Transmission Comb (D-BCH or UL Grant)

It was suggested that the SRS transmission comb is signaled (D-BCH or UL grant) so that in case only one comb is used for SRS transmission the other can be used for PUSCH transmission (note: it is already agreed that a UE is signaled the transmission comb for its SRS through higher layer). 
The claimed benefit was a 4%-5% gain in UL throughput. Concerns were raised about having to support a different PUSCH structure, the DL signaling overhead in case of the UL grant, whether the gains are actually smaller or none, and that they may not be applicable for fully loaded systems.  
Several opinions were against this proposal. Only the proponent company continued its support. 
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