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1. Introduction
This document provides a summary of reflector discussions during April 9 – May 2 on UL RS design issues on UL DM RS hopping and UL sounding RS. 
2. UL RS Design Issues
ZC sequence and/or cyclic shift hopping for DM RS

Several companies provided opinions which were substantially different and a clear agreement could not be reached. One issue to be confirmed is whether no-hopping should also be supported. One company clearly stated that it should also be possible to disable both sequence and cyclic shift hopping for all sequence lengths. The following issues concern the application of hopping.

1) Should sequence hopping, cyclic shift hopping, or both be supported?
Support for sequence hopping was unanimous. Most companies also supported having cyclic shift hopping while one company preferred having only sequence hopping.
2) Should the hopping pattern (sequence and/or cyclic shift) be eNB-specific, cell-specific, or UE specific?

Most companies preferred eNB-specific hopping. It was also noted that it can be cell-specific and if the operator so chooses, it can be eNB specific by assigning the same pattern to all cells of the eNB.

3) Planning of Sequence and Cyclic Shift Allocation

Planning (eNB-based or cell-based) for the use of 10 or 12 sequences associated with 1 RB was suggested. As more RBs provide a multiple of 10 or 12 sequences, the allocation of these sequences can be grouped with a corresponding one for 1 RB. For example, {1, 2, 3, …} sequences can be associated with {1, 2, 3, …} RBs. In this manner, 10-12 groups of sequences are defined and hopping is within sequences within a group (for the same >1 RB allocation). 

It was suggested that sequences corresponding to various RB sizes and resulting to large cross-correlations be grouped together for use within the same cell. 
However, it was commented that if cyclic shifts are used to separate the UL RS in different cells of the same eNB (or different eNBs), the problem of large cross-correlations is not avoided among cells of the same eNB and the previous grouping should actually be precluded. 

It was also commented that the use of cyclic shifts to distinguish UL RS from different cells of the same eNB, limits the applicability of MU-MIMO as only 2 cyclic shifts may remain available within the same cell.    

4) Should E-UTRA rely exclusively on planning or random hopping be also permitted?

It was commented that (group) sequence hopping (coordinated or random) should be allowed.

Generation of UL RS Sequences
The current options include cyclic extension and truncation of Zadoff-Chu sequences. As the two approaches offer a different number of sequences, and have different CM and cross-correlations characteristics, a choice should be made considering the previous trade-offs. 
The discussions focused on sequences for 1 RB. Some companies preferred cyclic extension as it provides 10 sequences with maximum CM slightly above the QPSK one (1.5 dB vs 1.22 dB). Other companies suggested truncation to maximize the smallest number (12) of available sequences and facilitate planning. However, the maximum CM of these sequences is substantially larger than the QPSK one (2.36 dB vs 1.22 dB). 
It was also suggested that different methods can be chosen for the sequence generation in order to increase their number (particularly for 1 RB).
UL Sounding RS (SRS)
The design issues include: 
1) Signaling: What should be signaled to the UE? Possible parameters are:
a. transmission BW

b. transmission period
c. transmission power

d. transmission sub-frame (assuming that the SRS block(s) in the sub-frame is fixed)

e. repetition factor (RPF)

f. comb

g. cyclic shift

h. CAZAC sequence index 
2) SRS Hopping in disjoint BWs: Should it be enabled? 

a. If Hopping is enabled: How is the pattern derived (periodic, signaled, etc.)?

3) SRS Sequence and/or cyclic shift hopping: Should it be enabled?

4) SRS for antenna selection: What signaling is needed to support SRS transmission for antenna selection?

5) Additional Issues (require progress on the above and other issues):
a. What are possible RPF values?

b. What are possible transmission BWs?  
c. Where should the SRS be placed (at which block of a sub-frame)?











































































































































































































































































































































































� Note: Support for hopping is a decision from the RAN WG1#48 bis meeting 
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