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1. Introduction

This document provides a summary for the UL RS email reflector discussions on the DM RS for the PUSCH and PUCCH and the SRS.
2. UL DM RS

Sequence Grouping:
The issue is how to construct the sequence groups, that is, how to assign CAZAC-based sequences for the E-UTRA supportable lengths to groups. 
This essentially comes down to whether a particular planning should apply, if feasible, to minimize a cross-correlation measure (e.g. maximum cross-correlation among sequences of various lengths in different groups) or whether just an arbitrary allocation (e.g. serially assigning the 30 first sequences for each possible length to each of the 30 groups and, in case of planning, also assigning sequences 31-60 for allocations >5 RBs) suffices when considering cyclic shift hopping and, in case of planning, sequence hopping for the larger RB allocations.
Samsung and TI suggested that planning of sequences into groups is not necessary.
Huawei, LGE, Nokia, NSN, and Panasonic suggested that planning should apply (proposals differed or were not stated).

In either case, the sequences for each group can simply be specified by a vector whose elements are the indexes to the particular sequences of a corresponding length.

Sequence Hopping:
The following clarification was requested for agreement. It was FFS for one company and acceptable to every company.
Only one of group sequence hopping or group sequence planning applies to all UL RS (PUSCH/PUCCH DM RS, SRS). 

Proposals for group sequence hopping patterns were previously made in R1-074804 and R1-074835. No additional proposals were mentioned. Also, an outstanding related issue is whether the group sequence hopping pattern is explicitly signaled or implicitly derived from the cell ID.
PUCCH Cyclic Shift and Orthogonal Cover Hopping
There are two main proposals for cyclic shift (CS) and orthogonal cover (OC) hopping:

a) cell specific CS hopping with slot-based CS/OC re-mapping

b) resource specific (UE specific) CS hopping with slot-based CS/OC remapping

Ericsson, Motorola, Panasonic, Samsung, and TI preferred option (a).

Huawei, Nokia, and NSN preferred option (b).

Outstanding Issues
There have been discussions on several individual proposals addressed which are outlined below: 

PUSCH DM RS Sequence Generation Definition Relative to DC Sub-carrier

The proposal is to introduce an additional shift in the generation of RS sequences equal to the distance of the first assigned RB from the DC sub-carrier (for allocations larger than 2 RBs). This is also referred to as  in Section 5.5.1.1 of TS 36.211. Then, for different cyclic shifts among cells of the same eNB, interfering DM RS having the same RB allocation are always orthogonal (even for partial RB overlapping). 
Panasonic, Ericsson, and LGE supported this proposal.

Motorola and TI opposed this proposal.
PUSCH DM RS Design for High UE Speeds
The proposal is to use a different DM RS configuration for high speed UEs. For the normal 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 apply for the extended 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).
All opinions, except from the proposing company, were previously against this proposal. The proposing company agreed to withdraw it. 
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
Most opinions suggested that SDMA should be transparent to the UE and the issue should be implementation dependent. 
Time domain orthogonality was also suggested (R1-074865) by modulating each RS in a sub-frame by a Walsh-2 cover – this is applicable only in case of 2 different BWs for all SDMA UEs.
Ericsson, Huawei, Motorola, Panasonic, and Samsung suggested that the DM RS characteristics for application with SDMA should be implementation dependent and no specifications are needed.

Nokia, NSN suggested that the use of Walsh-2 cover with SDMA should be specified. Nortel also supported this and further suggested that for medium/high speed UEs, option (a) (or (b)) above should also be specified.
3. SRS

SRS Interaction with PUCCH 

This issue was extensively discussed during past email reflector discussions and concerns whether transmission of SRS and ACK/NAK or CQI should exist in the same sub-frame from the same UE. The multiplexing of SR and SRS was also raised as another issue as well as the combinations of the above. To focus the discussions in order to hopefully expedite progress, ACK/NAK and CQI can be considered first. The options are:

SRS interaction with ACK/NAK: 
Option 1: One ACK/NAK symbol is punctured.
Option 2: SRS transmission is dropped. 
LGE, Mitsubishi, Nortel, NTT DoCoMo, Qualcomm, and Samsung preferred Option 1.
Ericsson, Motorola, Nokia, NSN, Panasonic, and TI preferred Option 2.
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.

Companies acknowledged that Approach 1 is always available to the scheduler but it may be difficult to capture or should not be captured in the specifications. 
For Approach 2:

LGE, Mitsubishi, Motorola, Nortel, and Qualcomm preferred Option 1.

Ericsson, Nokia, NSN, Panasonic, Samsung, and TI preferred Option 2.

SRS Transmission Bandwidth 

The issue is whether the SRS should extend to bandwidth allocated to persistent PUSCH transmissions. 
Companies generally acknowledged that this should not be the case but specifying such a behavior may not be possible.
Ericsson, Samsung, and TI suggested that an “SRS band” where the SRS is allowed to be transmitted by a UE should be broadcasted. 

Nokia, NSN suggested that 1 bit is included in the UL grant to inform whether the symbol where the SRS is transmitted is available for PUSCH transmission or whether it is (even partially?) occupied by the SRS transmission.

SRS for UE Antenna Selection

The SRS transmission from each of two UE antennas can be:

a) Configurable for each antenna

b) Same for each antenna - alternate every sub-frame

c) Same for each antenna - fixed period (>1 sub-frame) per antenna

Mitsubishi supported option (a).

Nokia, NSN supported option (b).

For the interpretation of which antenna the UE should use for the PUSCH transmission, the suggestions are:

a) Include 1 bit in the UL grant

b) 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 – R1-074357
Mitsubishi and Motorola supported option (a).
Nokia, NSN supported option (b).
Values for SRS parameters
Some more progress is needed for the following SRS aspects:
a) Bandwidth: A narrowband and a wideband SRS BW are supported for a given operating BW. Do we need additional BW values for the larger operating BWs?

Ericsson, Nokia, NSN, and TI suggested 4 SRS BWs be defined for larger operating BWs (e.g. 10, 15, 20 MHz). 

Motorola suggested that 2 SRS BWs are sufficient. Nortel agreed but was open to introducing more SRS BWs.

Ericsson, Nokia, NSN suggested the SRS BWs be multiples of 4 RBs. Qualcomm suggested multiples of 6 RBs.

b) Period: The agreed SRS transmission periods are {2, 5, 10, 20, 40, 80, 160, X} msec. Is there any issue from multiplexing SRS with different transmission periods since 2 doesn’t divide 5? What should be a value for X? 

All companies suggested that the above SRS transmission periods are fine. 

For the value of X, Motorola and Samsung suggested larger periods such as 320/640/1280 msec.  

Mitsubishi suggested 1 msec or X be implicitly used to disable the SRS transmission.

c) Cyclic Shift: How are the 3 bits interpreted (support of CS with maximum separation)? Can we agree to have a different offset for the starting CS in each comb (as for the PUCCH ACK/NAK format for the two least robust Walsh covers)?
Nokia, NSN suggested that with the SRS transmission BW being a multiple of 4 RBs, 8 CS with maximum separation can be supported. There was no objection to having a different CS offset for each SRS comb.

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 the SRS uses only one comb, the other can be used by the PUSCH (a UE is already signaled its SRS comb 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 additional signaling in the UL grant, and whether the gains would exist in fully loaded systems.  
All previous opinions, except from the proposing company, were against this proposal. 

The proposing company continues to support the above proposal.
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