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1. Introduction

At the RAN1#68 meeting, the following was agreed on PUSCH DMRS enhancement in Rel-11:
–         UE-specific configuration of base sequence

–         UE-specific configuration of CS hopping 

Details of RRC configuration for UL DMRS sequence and CS hopping with alternatives:
Alt 1: 

•          A RRC configuration includes the following RRC defined UE specific parameters, {NIDBSI, DSSBSI, cinitCSH}.

–         NIDBSI (0 to 503) and DSSBSI  substitute NIDCELL and DSS in the group number (u) and sequence index (v) generation formulas (including SH and SGH initialization)

–         cinitCSH  substitutes cinit in the CSH initialization (nPN(nS))

Alt 2: 

•          A UE is configured with a virtual cell ID, which is used to derive base sequence as well as CS hopping
In this contribution, we present our views on configuration details for UL DMRS sequence and CS hopping configuration.

2. Rel-8/9/10 DMRS Base Sequence and Cyclic Shift Hopping

In Rel-8/9/10, the base sequence is determined based on the assigned base sequence-group number, u, and the base sequence number, 
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, within the base sequence group. The sequence-group number u in slot ns is defined [1] by a group hopping pattern 
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 (17 different hopping patterns) and a sequence-shift pattern 
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 (30 different sequence-shift patterns) given by:
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The pseudo-random group hopping pattern 
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 (SGH) is based on a group-hopping pattern index, 
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 , which initializes the pseudo-random sequence generator. The sequence-shift pattern for PUSCH 
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 is given by
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 is a configured parameter. It can be observed that any of the 30 different sequence-shift patterns can be configured based on appropriate configuration of the 
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 for a given value of 
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. Thus, any of the 30 base sequence-groups can be selected by appropriate selection of the group-hopping pattern index 
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parameter configuration.
The base sequence number 
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 within the base sequence group (if sequence-hopping is enabled) and cyclic shift (CS) hopping in slot 
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 initialization of a pseudo-random sequence generator. Thus, as for the base-sequence group, the base sequence hopping (SH) and the cyclic shift hopping (CSH) can be determined by the group-hopping pattern index (0, 1,..16) 
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) parameter value. The group-hopping pattern index (0, 1,..16) can be considered as the upper 5-bits of the cell-ID while the 
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) value can be considered as modified lower 5-bits of the cell-ID. Thus, the group-hopping pattern index and 
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 can be considered as components of cell-ID.
Configuration of base sequence (u, v) and/or CS hopping on a UE-specific basis can thus be achieved by signaling the group-hopping pattern index (0, 1,..16) and 
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is currently a signalled parameter however on a cell-specific basis and would need to be configured in addition on a UE-specific basis. Additionally, group-hopping pattern index (0, 1,..16) signaling is needed. Alternatively, based on the relationship of group-hopping pattern index and 
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 to cell-ID, UE-specific configuration of base sequence (u, v) and/or CS hopping can be achieved by replacing the cell-ID with a DMRS identifier with expanded range 0-509 to configure any supported base sequence and/or CS hopping pattern. For example, to configure CS hopping with group-hopping pattern index of 16 and 
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, would require a DMRS identifier with value of 509.
3. RRC configuration for UL DMRS sequence and CS hopping 
UE-specific configuration of base sequence (BSI) and CS hopping has been agreed in order to support UL CoMP.  We see three primary DMRS configuration modes that may be useful to support UL CoMP in scenarios 1-4 as summarized in Table 1.
Table 1. UL DMRS sequence and CS hopping Configurations.
	DMRS Configuration Mode
	RS generation
	Notes

	1. Reconfigure BSI and CSH
	BSI (SGH and SH): UE-specific configuration

CSH: UE-specific configuration
	· Scenario 1/2/3 – same BSI and CSH for CoMP UEs – orthogonality by CS and/or OCC

· Scenario 4 – different BSI and CSH - interference randomization (inter-slot)
· Cannot support orthogonality with legacy UEs

	2. Reconfigure BSI
	BSI (SGH and SH): UE-specific configuration

CSH: Rel-10 configuration - (cell-specific group-hopping pattern index and 
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	· Scenario 1/2/3 – same BSI but different CSH for CoMP UEs - CS orthogonality based on non-colliding CSH with scheduler restriction, legacy UEs - orthogonality by OCC,  interference randomization (inter-slot),

· Scenario 4 – different BSI but same CSH - CoMP and legacy UEs - orthogonality by OCC, interference randomization (inter-subframe)

	3. Reconfigure CSH
	BSI (SGH and SH): Rel-10 configuration - (cell-specific group-hopping pattern index and 
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) and UE-specific SGH disabling)

CSH: UE-specific configuration
	· Scenario 1/2/3 – different BSI but same CSH for CoMP UEs - orthogonality by OCC, interference randomization (inter-subframe), 

legacy UEs - CS orthogonality based on non-colliding CS with scheduler restriction
· Scenario 4 – same BSI but different CSH -CoMP and legacy UEs - CS orthogonality based on non-colliding CS with scheduler restriction, interference randomization (inter-slot)


We can see from Table 1, for a deployment scenario, it is beneficial to separately or independently configure the DMRS configuration mode for different UEs in a cell. For example, in CoMP scenario 4, cell-center UEs could be configured in mode 1 for interference randomization with different BSI and CSH while the cell-edge CoMP UEs could be configured in mode 2 with only different BSI to achieve the cell splitting gains. In CoMP scenario 1/2/3, cell-edge CoMP UEs could be configured in mode 3 with same CSH pattern providing OCC orthogonality for CoMP UEs (or mode 1 with same BSI also) while cell interior UEs achieve interference randomization inherent with scenario 1/2/3. 
The DMRS configuration mode together with the group-hopping pattern index (0, 1,..16), and 
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) (or DMRS identifier) for base sequence and/or cyclic shift hopping configuration can thus provide the benefits of the configuration flexibility of Alt 1 proposal with the reduced signaling overhead of the Alt 2 proposal (additional  DMRS configuration mode signaling). Similar mechanism of a PUCCH DMRS configuration mode can be used to PUCCH base sequence and cyclic shift hopping configuration [2].
Proposal:

· UE-specific DMRS configuration mode to enable flexible (re)configuration of either or both base sequence and cyclic shift hopping (flexibility of Alt 1 proposal).
· UE-specific configuration of base sequence and/or cyclic shift hopping via group-hopping pattern index (0, 1,..16), and 
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) parameters (reduced signaling overhead of Alt 2 proposal).
4. Conclusion
We propose to consider the following for RRC configuration for UL DMRS sequence and CS hopping:

· UE-specific DMRS configuration mode to enable flexible (re)configuration of either or both base sequence and cyclic shift hopping.
· UE-specific configuration of base sequence and/or cyclic shift hopping via group-hopping pattern index (0, 1,..16), and 
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) parameters. 
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