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1
Introduction
In R1 #49-bis, the following was agreed upon:
· Sequence and/or cyclic shift hopping for DM RS (and PUCCH ACK/NAK and CQI)

· Signaling of the Base Sequence and Hopping Pattern

· Base sequence group index indicator broadcasted

· Explicit signaling for hopping pattern FFS

· Hopping Period

· 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) 

· PUSCH DM RS: Cyclic Shift Assignment

· The possible use of multiple cyclic shifts within a cell is supported

· In case of multiple cyclic shifts within a cell, the UE is informed as part of the UL grant (with up to 3 bits) which cyclic shift to use in the first slot

In this document, we outline our views on every aspect of uplink demodulation RS for PUSCH.
2
PUSCH
2.1
Sequence Generation
The PUSCH bandwidth allocation is in terms of a certain number of resource elements (RE) such that the number can be prime factorized into powers of {2, 3, 5} and is a multiple of 12. There are exactly 35 such numbers between 12 and 1296, and without any loss in generality, we will refer to them as the possible DFT sizes. The possible number of base ZC sequences for these lengths is shown in Figures 1. The length of the exact ZC sequences equals the Ndft (allocation), while the extended/truncated ZC sequences are based on the extension/truncation of ZC sequences based on the nearest prime number smaller/greater than the target length.
It is seen that the usage of extended or truncated ZC sequences significantly increases the number of useful ZC sequences. Further, we observe that if we use the nearest prime number approach, there is no difference in the number of allowed sequences based on either extension of truncation.
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Figure 1

Number of ZC Sequences

Proposal

· DM RS generation for PUSCH based on extended prime-length ZC sequences

· No difference in number of allowed sequences based on nearest prime-number approach

· Lower PAR/CM compared to truncated prime-length ZC sequences 
2.2
Number of Base Sequences per Group
Figure 2 outlines the number of possible groups, as a function of number of extended base sequences per group. For a robust system operation without any need for strict planning, one must allow for a very large number of possible base sequences per cell.
Proposal

· System must be able to operate without any planning

· Indication of group hopping on D-BCH

· Hopping enabled or not

· If disabled, group indices per allocation explicitly signaled in D-BCH

· When group hopping is enabled

· Group index per slot is a function of slot/subframe ID
· Hopping structure based on PN sequences

· Large number of sequences per group per allocation
· Greater than 21 

· Sequence hopping is always enabled

· Regardless of group hopping or not

· Sequence index per slot is a function of slot/subframe ID
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Figure 2

Number of Extended ZC Sequence Groups
2.3
Number of Cyclic Shifts
We propose the following:
· 8 cyclic shifts per sequence

· Non-persistent mode of scheduling

· 3-bits allocated in the UL grant (PDCCH) to indicate the cyclic shift to be used in the 1st slot

· One-to-one mapping from the cyclic shift used in 1st slot and 2nd slot of a subframe
· Persistent mode of scheduling








































































































































































































































































































































































































































































































































































































































































































































































































































