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1
Introduction

LTE uplink (UL) uses different reference signals to support coherent demodulation (PUSCH/PUCCH) or to transmit information (PUCCH) [1]. And Sounding Reference Signals (SRS) is defined for purposes of link adaptation, frequency dependent scheduling, power control as well as synchronization maintenance. The UL RS sequences are implemented by zero autocorrelation CAZAC sequences applying different cyclic shifts of the same base sequence. The cross-correlation property between base sequences can be randomized through sequence hopping and cyclic shift hopping. This contribution introduces our views of the remaining issues on UL DM RS sequence hopping.
2
Current agreements on UL DM RS

This chapter is about some reviews on UL DM RS decisions made from last few RAN1 meetings (#49bis to #51bis). [2]~[5]
Number of sequences:
· For all UL RS sequences: 30 base sequence groups
· For 1 and 2 RB: 30 base sequences. (Computer generated sequences)
· For n > 2 RBs: Extended Zadoff-Chu (ZC) sequences

DM RS sequence grouping:
· Up to 5 RBs: one base sequence per “group”

· For n > 5 RBs: 2 base-sequences per “group”

· Can select the sequence in the group (planning) or sequence hopping (per slot/subframe) within group
· A way forward [6] on details of sequence grouping for UL DM RS in case of >=3RB is agreed
Sequence group assignment and group hopping:

· The number of hopping patterns for the base sequence groups is 504
· One bit in D-BCH indicates whether group hopping is enabled or not (applies to both PUSCH and PUCCH). 
· If hopping enable, Hopping patterns are FFS (9 bits for 504 hopping pattern indication). 
· If hopping disabled, the base sequence group is indicated (5 bits for 30 groups).
· Hopping and Planning of Sequence Groups method for Uplink RS in [7] is agreed.
Cyclic shift hopping:

· PUSCH DM RS cyclic shift hopping per slot is always enabled.
· PUCCH DM RS cyclic shift hopping per symbol is always enabled
· Apply cell specific cyclic shift hopping with slot-based CS/OC re-mapping for ACK/NACK channel.
3
Uplink Sequence Hopping disabled
For both the PUCCH and PUSCH, a set of RS sequences are defined for each possible RB allocation case. And it was agreed that 1bit for signalling UE about whether sequence hopping is use or not. In the following, we discuss the PUCCH sequence and PUSCH DM RS separately when intra-group sequence hopping is disabled.
3.1

PUSCH DM RS
With sequence hopping disabled, the UE uses the PUSCH RS sequence index(es) corresponding to the signalled sequence group. (5 bit for signalling)
· For 
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, the UE uses a single sequence index (one of 30).

· For 
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, the UE uses sequence 1 in slot #0 and sequence 2 in slot #1
· Can re-use bits used for signaling the group hopping pattern and/or sequence hopping pattern within a group when hopping is enabled

3.2 
PUCCH
With sequence hopping disabled, only 1 single sequence in certain group is assigned for RS and control data demodulation.

4. 
Sequence Group Hopping

In Sevilla meeting, it was agreed to use a two-layered sequence hopping/shifting pattern generation method [7], each pattern is generated by combining the root hopping pattern and the sequence shift. The main features of the proposal are summarized as follows.

· 504 hopping/shifting patterns are generated by 30 sequence shifts of 17 root hopping patterns.

· 30 complete shifting patterns are generated as a subset of 504 hopping patterns, i.e., one root hopping pattern contains no hopping. Thus, the pure planning of 30 sequence groups without hopping is also possible by using this method.
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We propose to define the mapping of 17 root hopping pattern indexes by using PN sequences. 30 shifting patterns are FFS. And the hopping period is 20 slots (1 radio frame).
5. Conclusion
This contribution introduces the current agreements and our views on further discussion topics of UL DM RS sequence/group hopping issue. We propose,

1. For PUSCH DM RS, with sequence hopping disabled, the UE uses sequence 1 in slot #0 and sequence 2 in slot #1 when 
[image: image4.wmf]5

>

RB

N

.

2. To define the mapping of 17 root hopping pattern indexes by using PN sequences, 30 shifting patterns are FFS. And the hopping period is 20 slots (1 radio frame).
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