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1 Introduction
A working assumption was taken as alternative 3 on RRC configuration of two UE-specific parameters {VCID, cinitCSH}:
· VCID is used to derive base sequence

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

In order to confirm this working assumption, one open issue is to check whether this signaling supports the four cases in the Table 1: 
Table 1
	Config
	(BSIUEA,CSHUEA), (BSIUEB,CSHUEB)

	1a
	(A,A),(A,A)

	1b
	(A,A),(A,A)

	2
	(A,A),(B,A)

	3
	(A,A),(A,B)


This contribution confirms that the four configurations can be obtained with this signaling provided by alternative 3 with an extension of the range of values of VCID over physical cell ID in order to support all the possible configurations of SGH. The detailed design for the remaining aspects is also proposed. In particular, it is proposed to dynamically configure the base sequence and cyclic shift hopping of the PUSCH DMRS.
2 Support of the four cases by Alt 3

Based on the working assumption in RAN1#68b, the parameters VCID and 
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 are configured in a UE-specific way by eNodeB. The VCID is used to derive the base sequence. VCID can substitute 
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 to calculate the initialization value for PUSCH DM RS SGH, so we need to confirm that any SGH pattern (achievable in Rel-10 and with alternative 1) can also be achieved with the UE-specific VCID. 
Taking Rel-10 design as reference [1], the equations used in the calculation of the UE-specific sequence group index according to alternative 3 are proposed to be the following:
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where 
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where the pseudo-random sequence generator for the pseudo-random sequence 
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 at the beginning of each radio frame.
Note that there are two ways to interpret the working assumption:
· Option 1: there could be no parameter 
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associated with the VCID to be signalled, so 
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· Option 2: the fixed cell-specific 
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 is used for any UE dedicated VCID, so 
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is intended for the original cell-specific sequence group.
In both option 1 and option 2, 
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 is a constant value regardless of the value of VCID. Option 1 is assumed in the following description.
For reference-signals of length 
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, the base sequence number 
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 within the base sequence group in slot 
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where the pseudo-random sequence generator for the pseudo-random sequence 
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 at the beginning of each radio frame.
As for CSH, it was agreed that cinitCSH  is used to substitutes cinit in the CSH initialization. Then the cyclic shift 
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where 
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, and the pseudo-random sequence generator shall be initialized with the value below at the beginning of each radio frame.
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From Table 1, the working assumption amounts to checking whether configurations (A,A), (B,A) and (A,B) can be obtained for UEB. The mathematical analysis for possible configurations of UE-specific parameters can be found in the Appendix. It is proved that all the four cases can be supported by Alt 3.
Observation: All four cases can be supported by Alt 3.

Proposal 1: Confirm the working assumption on Alt 3, where a Rel-11 UE supports RRC configuration of two UE-specific parameters {VCID, cinitCSH}:
· The PUSCH DMRS base sequence index is obtained from VCID by:

· 
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 if group hopping is enabled
· 
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 if group hopping is disabled, sequence hopping is enabled
· cinitCSH  substitutes cinit in the CSH initialization (nPN(nS))
3 Signalling details for UE-specific configuration
3.1 Range of parameters

Based on the analysis above, VCID is used to substitute 
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 to obtain the initialization value for PUSCH DM RS SGH. Hence the range of VCID should be able to ensure that a UE can be configured with any possible SGH pattern and base sequence. Since the range of 
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 is [0,29], the range of VCID should be [0,509] so that any possible SGH pattern and base sequence can be configured, for any cell-specific 
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In Rel-10, 
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 for CSH. The ranges for 
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 are [0,16] and [0,29], resulting in that the range for cinit is [0,541]. Hence cinitCSH  should also be [0,541] to support any possible CSH pattern in Rel-10. 
Proposal 2: The ranges of VCID and cinitCSH  are [0,509] and [0,541], respectively. 
3.2 Signalling details
According to previous system simulation results for UL CoMP [3], one UE could be jointly served by three points. However, the probability of such UEs is relatively low, and most of the UEs benefiting from UL CoMP are served by two points, one of which is the serving cell. Considering system complexity, it is simpler to allow a UE to be configured with two sets of parameters to generate UL DM RS. Dynamically indicating one set from just two sets of parameters requires 1-bit signalling in UL grant. Consequently, it is preferred that two sets of parameters are available for a UE to generate PUSCH DM RS.

For a UE served by multiple points, one point always corresponds to the serving cell. From backward compatibility point of view, one set of parameters should be just the cell-specific configuration, so that eNodeB can configure a UE to fall back to Rel-10 mode to benefit from intra-cell MU-MIMO. In this case, the eNodeB only needs to inform the UE about one set of parameters with RRC signalling. 
Proposal 3:

· A Rel-11 UE can be configured with one set of UE-specific parameters (VCID and cinitCSH ).
· Indicate the use of Rel-10 or Rel-11 configuration of PUSCH DMRS by signalling in UL grant.
Based on the analysis above, only one set of UE-specific parameters is needed in RRC signalling. Hence only 1-bit dynamic signalling is needed to configure a UE with either cell-specific or UE-specific parameters for PUSCH DM RS generation. Both DCI format 0 and DCI format 4 should be able to indicate which parameters to adopt for PUSCH DM RS, so as to provide more chances to configuring UE-specific parameters for better flexibility. 
DCI format 0 used for UL grant has the same payload size with DCI format 1A used for DL assignment. Introducing one new bit to DCI format 0 may cause another new bit to DCI format 1A to maintain the same payload size. One the other hand, the new bit can only be seen by Rel-11 UEs, resulting in two possible sizes of DCI format 0 or 1A. This may introduce more code rates for encoding DCI and additional complexity for the eNodeB. In order to avoid enlarging the payload size of DCI format 0 and 1A, it is preferred to reuse an existing field in DCI format 0.
Among the existing fields, the frequency hopping bit seems most suitable, considering:
a) intra-subframe frequency hopping has to be disabled once OCC takes effect, including in SU-MIMO case, intra-cell MU-MIMO case or UL CoMP case; 
b) frequency-selective scheduling especially with uplink precoding reduces the importance of the frequency diversity gain obtained by frequency hopping (note that there is no frequency hopping field in DCI format 4 since Rel-10).
Consequently, for those Rel-11 UEs who are configured with UE-specific parameters for PUSCH DM RS, the 1-bit field indicating frequency hopping in earlier releases can be regarded to indicate the dynamic configuration for PUSCH DM RS. Further in order to further benefit from frequency hopping among different transmissions for a same process, inter-subframe frequency hopping may be configured with another higher-layer signalling.
Proposal 4:

· The frequency hopping field in DCI format 0 is reused to indicate dynamic configuration for PUSCH DM RS for Rel-11 UEs configured with UE-specific parameters.
· Higher-layer signalling can configure inter-subframe frequency hopping.
Since DCI format 4 doesn’t strictly have the same payload size with another DCI format and it doesn’t include frequency hopping field, it is not easy to reuse existing field. Hence one additional bit can be introduced to indicate dynamic configuration for PUSCH DM RS. Alternatively, an existing field in DCI format 4 can be reused so as not to introduce additional bit. 
Proposal 5: Dynamic configuration of PUSCH DMRS with DCI format 4 is supported.
The impact of UE pairing with CoMP on the applicability of SGH was discussed in past meetings. SGH is recognized as an important technique to achieve interference randomization [4]. SGH may be implemented in most networks. According to previous research, it can be concluded that when OCC is utilized to realize MU-MIMO with unequal bandwidth allocation, SGH should be disabled to guarantee the orthogonality between UL DM RS from the paired UEs [5]. In Rel-10, a UE-specific higher-layer parameter Disable-sequence-group-hopping was introduced, so that eNodeB can configure those UEs paired with another UE with different OCC to disable SGH to ensure orthogonality. However, the UE will still not use SGH even when it is not paired with another UE, unless the parameter Disable-sequence-group-hopping is re-configured. In Rel-11, OCC may still be utilized for orthogonality between UEs from different cells to benefit from UL CoMP, where SGH should also be disabled for orthogonality. For this purpose, eNodeB may disable SGH with UE-specific parameter introduced in Rel-10. However, the parameter is configured in a semi-static way. For a UL CoMP case, if all CoMP UEs are configured with disabled SGH, the effectiveness of interference randomization will be reduced.
The probability of CoMP UEs for scenario 3 in system-level evaluation is shown in Table 2 (scenario 4 is similar), so potentially more than 44% UEs may be served by multiple points and be configured with disabled SGH. This may influence not only CoMP UEs but also those UEs served by only one point.
Table 2. The probability of CoMP UEs for Scenario 3
	Cooperation area
	Probability of CoMP UEs

	1 macro cell + N pico cells
	36.59%

	3 macro cell + 3N pico cells
	44.21%


To alleviate the impact of disabling SGH, it is proposed that UE disables SGH only when it is configured with the UE-specific CSH for PUSCH DM RS. In other words, eNodeB may configure UE to enable SGH in a semi-static way by higher-layer signaling; then when eNodeB plans to pair two UEs from different cells, it can allocate different OCCs to them and configure them to adopt UE-specific CSH for PUSCH DM RS with UL grant, then SGH is disabled simultaneously (override the higher-layer configuration). In other cases, SGH is kept enabled for interference randomization. Consequently, SGH still remains effective when the UE is dynamically signaled the Rel-10 PUSCH DMRS configuration.

Proposal 6: When SGH is enabled by higher-layer signaling, UE does not apply SGH when eNodeB signals the UE-specific CSH for PUSCH DM RS in UL grant.
· This functionality is configurable by higher-layers

4 Conclusions
This contribution analyzes the features of Alt 3, and confirmed that all four combinations of configuration of base sequence index and cyclic shift hopping can be obtained. It is therefore proposed to confirm the working assumption made at RAN1#68bis. The following proposals are made for the remaining details.
Proposal 1: Confirm the working assumption on Alt 3, where a Rel-11 UE supports RRC configuration of two UE-specific parameters {VCID, cinitCSH}:
· The PUSCH DMRS base sequence index is obtained from VCID by:

· 
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 if group hopping is disabled, sequence hopping is enabled
· cinitCSH  substitutes cinit in the CSH initialization (nPN(nS))

Proposal 2: The ranges of VCID and cinitCSH  are [0,509] and [0,541], respectively. 
Proposal 3:

· A Rel-11 UE can be configured with one set of UE-specific parameters (VCID and cinitCSH ).

· Indicate the use of Rel-10 or Rel-11 configuration of PUSCH DMRS by signalling in UL grant.
Proposal 4:

· The frequency hopping field in DCI format 0 is reused to indicate dynamic configuration for PUSCH DM RS for Rel-11 UEs configured with UE-specific parameters.
· Higher-layer signalling can configure inter-subframe frequency hopping

Proposal 5: Dynamic configuration of PUSCH DMRS with DCI format 4 is supported. 

Proposal 6: When SGH is enabled by higher-layer signaling, UE does not apply SGH when eNodeB signals the UE-specific CSH for PUSCH DM RS in UL grant.
· This functionality is configurable by higher-layers
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Appendix: Analysis about the support to all four cases by Alt 3 in Table 1
UE1 in cell A is configured with the legacy physical cell ID (PCIDA), so its configuration of BSI and CSH corresponds to (A,A). UE2 in cell B can be configured with the two UE-specific parameters {VCID, cinitCSH}. We will look at the possibility to obtain configurations (A,A), (B,A) and (A,B) for UE2.
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A sufficient condition (valid with or without SGH) to obtain BSIA for UE2 is given below:
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This condition can be solved by selecting VCID such that:
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If cinitCSH  was not used to substitute cinit, then this choice would also result in CSHV=CSHA.

Since cinitCSH  can be used to substitute cinit, then CSHV can freely be set to CSHA or CSHB.

Therefore, in order to obtain the four configurations in Table 1, possible configurations of the parameters are summarized below.
Table 3 Possible configurations of UE-specific parameters
	Config
	(BSIUE2,CSHUE2)
	(VCID, cinitCSH) for UE2

	1
	(A,A)
	BSI: 
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CSH: 
[image: image48.wmf](

)

30

mod

2

5

A

A

A

CSH

init

ss

Y

X

c

D

+

+

×

=



	2
	(B,A)
	BSI:
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CSH: 
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	3
	(A,B)
	BSI: 
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CSH: 
[image: image52.wmf]30

mod

)

(

2

5

B

B

B

CSH

init

ss

Y

X

c

D

+

+

×

=





















































































_1351938069.unknown

_1397127650.unknown

_1397542804.unknown

_1397891543.unknown

_1397974031.unknown

_1397974095.unknown

_1397974129.unknown

_1397894111.unknown

_1397894121.unknown

_1397894178.unknown

_1397891632.unknown

_1397891323.unknown

_1397891459.unknown

_1397543983.unknown

_1397542792.unknown

_1397542799.unknown

_1397542700.unknown

_1397476819.unknown

_1397485632.unknown

_1397485641.unknown

_1397476119.unknown

_1396943755.unknown

_1396973781.unknown

_1396975182.unknown

_1396976138.unknown

_1397127631.unknown

_1396975194.unknown

_1396944456.unknown

_1396946891.unknown

_1396945885.unknown

_1396944115.unknown

_1396880923.unknown

_1396942838.unknown

_1315827422.unknown

_1351783197.unknown

_1351938044.unknown

_1351783181.unknown

_1315827623.unknown

_1264933911.unknown

_1269330152.unknown

_1262958167.unknown

_1264933477.unknown

_1262772949.unknown

