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1.
Introduction

Several UL demodulation RS related issues, and in particular, details related to different hopping patterns have been decided in previous RAN1 meetings. This contribution considers remaining open issues related to PUSCH DM RS cyclic shifts. On this contribution, a definition for cyclic shift values is proposed for PUSCH DM RS with different bandwidths. Also a definition for the signalled cyclic shift values is proposed.  
2. Signaling of PUSCH DM RS cyclic shift 
Principles for PUSCH DM RS cyclic shift hopping pattern generation [2] were agreed on RAN1#52 meeting [1]. It is noted on [2] that it should be possible to have the same hopping pattern in two cells with different cell ID. We see this as a reasonable approach.  It allows for the use of cyclic shift separation between cells while it maintains optimal cyclic shift separation between UEs in multi-user MIMO. 

On other hand, to enable cyclic shift separation between cells using the same hopping pattern, the use of cell specific cyclic shift offset is needed.  Thus, the cyclic shift should be defined by a combination of semi-static cell specific cyclic shift [3] and dynamic cyclic shift offset, in addition to cyclic shift hopping related to cell ID. In other words, our preference is that 
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where the number of shifts available in a cell 
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 is the semi-static cell specific cyclic shift offset, and 
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 is included in the uplink scheduling grant in case that multiple cyclic shifts are used within the cell. 

It has been decided that 3 bits are used to convey 
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 in the uplink scheduling grant. On other hand, the cyclic shift orthogonality is optimised for MU-MIMO when the used cyclic shifts are equally spaced and as widely separated as possible. In other words, optimal cyclic shifts should b separated by 33 us, 22 us, 17 us, and 11 us for MU-MIMO with 2, 3, 4, and 6 UEs, respectively.  Hence we propose that dynamic cyclic shift offset is quantized into 8 possible values which provide optimally separated cyclic shifts to all practical MU-MIMO scenarios.  Table 1 shows a detailed proposal for the 
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Table 1. Values for dynamic cyclic shift offset 
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	Signaled bit field
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 values

	000
	0

	001
	2

	010
	3

	011
	4

	100
	6

	101
	8

	110
	9

	111
	10


4.
PUSCH DM RS cyclic shift values
DM RS length as well as number of cyclic shifts depends on the allocated bandwidth. Thus, a simple definition of cyclic shifts which can be readily used with different bandwidths is needed. We see that the number of available cyclic shifts in the cell is the same for all bandwidths and that the available cyclic shifts are equally spaced. We see also that having 12 cyclic shifts available for all bandwidths in the cell is a reasonable number; it maintains cyclic shifts orthogonal in typical channel for while it provides sufficient number of cyclic shifts for multi-user MIMO and cyclic shift separation between cells using the same DM RS group. Hence we propose that DM RS cyclic shift for PUSCH is given by
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6.
Summary

This contribution considered remaining open issues related to PUSCH DM RS cyclic shifts and presented solutions for them. To enable cyclic shift separation between cells using the same hopping pattern, it is proposed that   
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where the number of shifts available in a cell 
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 is the semi-static cell specific cyclic shift, and 
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 It is also proposed that the DM RS cyclic shift for PUSCH is given by
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Further it is proposed that dynamic cyclic shift offset 
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 obtain values shown in Table 1, corresponding to 11 us cyclic shift offsets.
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