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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) 

In this document, we outline our views on every aspect of uplink demodulation RS for PUSCH and PUCCH.
2
Hopping for PUSCH DM-RS
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 within the group is always enabled

· Regardless of group hopping or not

· Sequence index per slot is a function of slot/subframe ID
3
Hopping for PUCCH 

For PUCCH, code division multiplexing (CDM) has been chosen to multiplex different UEs on the same RB. Frequency domain CDM is achieved by UEs transmitting different cyclic shifts from the same base sequence. Time domain CDM is achieved by UEs using different orthogonal covers. Depending on the delay spread of the channel, the different cyclic shifts from the same base sequences may not be perfectly orthogonal; depending on the Doppler spread of the channel, the different time domain orthogonal covers may not be perfectly orthogonal, therefore, interference randomization by cyclic shift hopping and orthogonal cover hopping is very important to guarantee PUCCH performance, especially in the presence of imperfect PUCCH power control or timing synchronization errors [1].

For the CQI transmission over PUCCH, different UEs are separated by different cyclic shifts in frequency domain, hence symbol level cyclic shift hopping is beneficial for interference randomization. For the ACK/NACK transmission, slot level based cyclic shift hopping and orthogonal cover hopping can randomize interference from one slot to another. Furthermore, when the system is not fully loaded in terms of UL ACK/NACK (i.e., no more than 12 UEs multiplexed on the same RB), we propose not to use adjacent cyclic shifts so that symbol level cyclic hopping can be enabled to further enhance ACK/NACK performance.
Proposal

· Symbol level cyclic shift hopping for CQI transmission

· Slot level cyclic shift and orthogonal cover hopping for ACK/NACK transmission

· Symbol level cyclic shift hopping of the user pairs associated with the same cyclic shift if only even-indexed cyclic shifts are used for ACK/NACK transmission 
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