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1. Introduction
In RAN1#68bis, two alternatives to configure the UE-specific PUSCH DMRS are discussed, which are described below:
Alt 1: 

· A RRC configuration includes the following RRC defined UE specific parameters, {NIDBSI, SSBSI, 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.

There is intense discussion on these two alternatives. To balance the advantages and disadvantages of the two alternatives, the chairman advised a third option, which is:
Alt 3: 
A RRC configuration includes the following RRC defined UE specific parameters, {VCID, cinitCSH}.
· VCID is used to derive base sequence
· cinitCSH  substitutes cinit in the CSH initialization (nPN(nS))
It is suggested to consider this alternative, to see whether this can be accepted by every one. And the conclusion from RAN1#68bis is:

Working assumption is Alt 3. Could be revisited after checking if Alt 3 supports the four cases in the table, the range of the cinitCSH that needs to be signaled, and other relevant aspects.
	Config.:
	Supported by Alt.2?
(Alt.1 supports all configurations)
	(BSIUEA,CSHUEA), (BSIUEB,CSHUEB)
	Supported orthogonality:
	Supported interference randomization:
	Area splitting gain?

	1a
	Yes
	(A,A),(A,A)
	CS (same BW)
	SGH
	No

	1b
	Yes
	(A,A),(A,A)
	OCC (any BW)
	No
	No

	2
	No
	(A,A),(B,A)
	OCC (any BW)
	Different BSI
	Yes

	3
	No
	(A,A),(A,B)
	CS (same BW)
	Different CSH
	Yes


Table 1: Summary of DMRS configurations.

Another issue discussed in RAN1#68bis is the signaling for PUSCH DMRS, and there is an observation as below:
Observation: There is performance gain with dynamic signaling. The cost relating to the introduction of new bits/states in the DCI format, such as new TM, fallback issues, etc, need to be considered as well.
And the conclusion is to continue discussion.
In this contribution, we firstly analyze the advantages and disadvantages of Alt 3 for the PUSCH DMRS parameter configuration and then discussed the issue related to the PUSCH DMRS signaling, and finally present our preferences. 

2. Discussion

2.1 PUSCH DMRS parameter design
2.1.1 PUSCH DMRS design in R10
The DMRS for PUSCH is described as following:
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; When OCC is enabled, both the sequence hopping and sequence group hopping need to be disabled;
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[image: image13.wmf](

)

(

)

7

0

8***2

ULi

PNSsymbs

i

nncNni

=

=+

å


Where the initialization parameter is:


[image: image14.wmf](

)

(

)

(

)

(

)

5

*2mod30mod30

30

cell

cell

ID

initIDSS

N

CN

êú

=++D

êú

ëû


The sequence group number u is calculated as:
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And the initialization parameter for the pseudo-random sequence is:
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where 
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The sequence number v is calculated as:
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Where the initialization parameter is:
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2.1.2 PUSCH DMRS design candidates

· 
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are independently cell-specific configured, the initialization parameter of CS hopping 
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(R10 method)
This method is the R10 design method, and it can only support case 1a and case 1b in the above table. The reason for that is 
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 is not configured independently.
About the parameter 
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 which is configured separately from 
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, the consequence of this independent design is that different 
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 can lead to the same (u,v) and also the different (u,v), meanwhile, the same 
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 can also lead to both the same and the different (u,v) combinations.
Another feature about this kind of configuration is that all these parameters are configure cell-specifically, so there is not optimization for a specific UE.
· 
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 are independently UE-specific configured (Alt.1)
This method can support all the cases in the above table: case 1a, case 1b, case 2, case 3 and have the most flexibility.
· 
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[image: image33.wmf]SS

D

is configured cell-specifically, and 
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(Alt.2)
By this method, two UEs with different 
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 can be allocated the same (u,v) with careful selection of 
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, however, for the reason that 
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 is deduced from the other two parameters, only case 1a and 1b can be supported, while case 2 and case 3 can’t be supported.
· 
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 are independently UE-specifically configured, and 
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 is cell-specifically configured (Alt.3)
In this method, (u,v) and 
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 can be configured separately, so the CSH of two different UEs can be the same and can also be different with no limitation.
The problem we need to consider is that whether there is some limitation of the (u,v) combination with cell-specifically configured 
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.
· Case 1a

In this case, there is not OCC and there is SGH, which means that not both the sequence hopping and the sequence group hopping are disabled. And there can be three possibilities: 

1) Sequence disabled & sequence group enabled;

2) Sequence enabled & sequence group disabled;

3) Sequence enabled & sequence group enabled;
According to the formula of u,v, these three possibilities can be divided to two sorts showing below, where Case 1a-1 related to 1) and 3), and Case 1a-2 related to 2)
· Case 1a-1

In this sub-case, the formula for u and v are:
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Where the initialization parameter for the pseudo-random sequence is 
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· Case 1a-2

In this sub-case, the formula for u and v are:
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where the initialization parameter for the pseudo-sequence is:
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In Case 1a, the two UEs for multiplexing should have the same (u,v) combination.
When 
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of the two UEs are the same, with the same 
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, the (u,v) combinations of the two UEs can be allocated the same number.
When 
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 of the two UEs are different, to get the same (u,v) combination, two equations need to satisfied:
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            This equation group has solution. Although it is a non-linear equation group, it can be easily solved by get the suitable value satisfying the first equation while constrained by the second equation.
· Case 1b

In this case, OCC is adopted, which means that both sequence hopping and sequence group hopping are disabled, then the formula for u and v are:
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To get the same u and v, when the 
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 of the two UEs are the same, only set the same
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 for the two UEs is enough;
When the 
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 of the two UEs are different, the difference betweent the 
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 and that between the 
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 need to be set the same.
· Case 2

In this case, OCC is also adopted, then the formula for u and v are:
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Different from case 1b, in this case, we need different (u,v) combinations for the two multiplexed UEs.

When 
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of the two UEs are the same, the inequality need to be satisfied:
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When 
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of the two UEs are different, the inequality need to be satisfied:
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· Case 3

This case is quite similar to the case 1a, and the same condition need to be satisfied to get the wanted result.
In a word, the features of Alt.3 can be summarized as:
Alt.3 can support all the cases in the above table;
The range of 
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 can be configured the same as previous specification versions, for the reason that the formula related to 
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are modulo by 30;
There is a non-linear equation group need to be solved, however, the complexity is acceptable.
Consequently, here comes our proposal:

Proposal 1: Confirm the working assumption in RAN1#68bis and make Alt.3 agreement. A RRC configuration includes the following RRC defined UE specific parameters, {VCID, cinitCSH}.

· VCID is used to derive base sequence

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

2.2 PUSCH DMRS signaling

A WF on PUSCH DMRS signaling is as following:
· A UE can be RRC configured with N sets of PUSCH DMRS parameter(s). 

· To be decided between N=2 and N=4. 

· UL DCI format can indicate which set shall be used for generating BSI and CSH for the scheduled PUSCH DMRS, out of the N sets.

However, there is no agreement on the signaling method. Generally speaking, there are two methods of signaling:
· Semi-static signaling with RRC configuration;

· Dynamic signaling with DCI format;

The characteristic of semi-static signaling is that saving of overhead while loss of flexibility. And there has been performance gain shown with dynamic signaling [7]. The problem with dynamic signaling is the increase of payload size in the DCI format, even we constrained it in the UE-specific search space, there is another kind of payload size imported in the UE-specific search space with additional bit/bits, and there will be increase of blind decodings. 
However, in our opinion, the import of CoMP in R11 will probably lead to a new transmission mode to cope with the newly introduced characteristics. Consequently, if a new DCI format needs to be defined for the new transmission mode, then additional bit/bits to indicate the specific PUSCH DMRS parameter set will not lead to blind decoding increase. So here comes our proposal:
Proposal 2：Decide the signaling of PUSCH DMRS parameters after the decision of new CoMP transmission mode. If need to be decided now, we sightly prefer the dynamic signaling method.

About the fall back issue, there can be two kinds of understandings:
The first one is that the fall back means the DCI format, which is the same as other transmission modes—DCI format 0 or DCI format 1A;

Another one is that fall back means the parameters, specifically speaking, it means the default parameters for the PUSCH DMRS.

In our opinion, if a new transmission mode is defined for the CoMP characteristic, the fall back DCI format should also be DCI format 0 or DCI format 1A for backward compatibility. About the default parameters, if additional new bit/bits is added to the new DCI format, then there is no need about the default parameters; while if RRC signaling is adopted, a kind of default parameter for PUSCH DMRS is helpful for the initialization or reconfiguration scenario.
3. Conclusion

In this contribution, we discussed the issues related to the number of UE-specifically configured PUSCH DMRS parameter and the signaling of the specific PUSCH DMRS parameter, our preference are as following:
Proposal 1: Confirm the working assumption in RAN1#68bis and make Alt.3 agreement. A RRC configuration includes the following RRC defined UE specific parameters, {VCID, cinitCSH}.

· VCID is used to derive base sequence

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

Proposal 2：Decide the signaling of PUSCH DMRS parameters after the decision of new CoMP transmission mode. If need to be decided now, we sightly prefer the dynamic signaling method.
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