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1 Introduction

The working assumption made at RAN1#67 is that the configuration of each non-zero-power CSI-RS resource includes a configurable parameter to derive the pseudo-random sequence generator initialisation (cinit). cinit is independently configured among CSI-RS resources such that
where X is configurable in a UE-specific manner and may take on any value in the range of 0 to 503.
Remaining issues are:

· FFS whether Rel-10 formula can be used without a change
· FFS whether beyond 503 are supported
· FFS whether CSI-RS ports always have the same scrambling or can have different scrambling within a CSI-RS resource.
This contribution emphasizes the necessity of being able to configure X not only with the cell identity of the serving cell, but also with any value in the range of valid cell identities, in order to operate CoMP.

This contribution also clarifies the purpose for considering that CSI-RS ports may be configured with different scrambling within a CSI-RS resource, this decision depending on the support of CSI feedback aggregated across multiple non-zero-power CSI-RS resources and inter-CSI-RS resource CSI feedback.

2 Initialization of the CSI-RS sequence
In Rel-10 [1], the pseudo-random sequence generator shall be initialised at the start of each OFDM symbol with 
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. Considering the application of CoMP without carrier aggregation for simplicity, the cell ID is derived by the UE according to the primary cell.

If the initialization is performed as in Rel-10 when a UE receives RRC signalling with the configuration of multiple non-zero power CSI-RS resources, then all CSI-RS ports in all the non-zero-power CSI-RS resources will be assumed by the UE to be scrambled by the same sequence associated with the primary cell. This would be the case in particular in a scenario with CoMP transmission points belonging to different cells.
If the initialization is performed flexibly with parameter X independently configurable per CSI-RS resource and assuming one value of X per CSI-RS resource, then each CSI-RS resource can be associated with a different sequence. Thus the CSI-RS ports sent from a transmission point belonging to a particular cell can be scrambled by the sequence associated with this cell, and not the primary cell of the UE.
Let’s consider the following scenario:

· CoMP measurement set: 3 transmission points, each belonging to a different cell
· Mixture of Rel-11 and Rel-10 UEs in the network, all relying on CSI-RS for feedback
Each transmission point should therefore provide UEs with CSI-RS for CSI feedback. Rel-10 UEs can only assume that CSI-RS ports are scrambled with a sequence initialized according to the cell identity of their respective primary cell. Therefore, each TP must send one CSI-RS resource with scrambling according to Rel-10. In addition, each TP must also send one CSI-RS resource for CoMP measurements by Rel-11 UEs located in the two cooperating cells. With the flexible configuration of parameter X, the same CSI-RS resource as for Rel-10 UEs can be reused by Rel-11 UEs. With the inflexible configuration according to Rel-10, each transmission point must send two additional CSI-RS resources with the same ports as the CSI-RS resource configured for Rel-10 UEs, each CSI-RS resource being scrambled with the cell identity of each of the two cooperating cells. These two cases are illustrated in Fig. 1a and 1b for 3 cells with 4Tx.
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Fig 1a - Flexible scrambling initialization according to working assumption at RAN1#ET
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Fig 1b - Scrambling initialization according to cell identity of primary cell as in Rel-10
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In Fig 1a:

· A Rel-10 UE in cell 1 is configured with CSI-RS resource {1}

· A Rel-11 UE in cell 1 is configured with CSI-RS resources {1,6,2}, with different sequences

· Both UEs are configured with muting over resources {1,6,2}

In Fig 1b:

· A Rel-10 UE in cell 1 is configured with CSI-RS resource {1}

· A Rel-11 UE in cell 1 is configured with CSI-RS resources {1,4,3}, with sequence of cell 1

· Both UEs are configured with muting over resources {0,1,2,3,4,5,6,8,9}

The CSI-RS overhead for N cooperative cells is N times larger if the Rel-10 formula is reused as compared to the working assumption of RAN1#67. Clearly, the overhead incurred by not being able to flexibly configure the scrambling initialization could become prohibitive as the number of cells in the CoMP measurement set is large, either in Rel-11 or future releases.

It is therefore proposed to confirm the working assumption of RAN1#67.
In the formula of initial value for pseudo-random sequence generator, the initial value depends on the slot number ns where the CSI-RS resource is present and the slot number ns in a frame ranges from 0 to 19. The UE can usually detect the slot number of the serving cell based on SCH channel. Assuming multiple CSI-RS in a subframe have the same slot number, there would be no need to inform the slot number to generate the pseudo-random sequence for multiple CSI-RS. However, if a CSI-RS resource is transmitted by a neighbor cell, which has a slot/subframe shifting relative to the serving cell, then the CSI-RS resource of the neighbor cell may not have the same slot number as the serving cell. Therefore, information about the slot number should be informed per CSI-RS resource. For example, in case of scenario 3, there may be a slot or subframe shift between two cells to avoid interference due to PBCH, PCH, etc. In general, subframe-level shifting is sufficient to offer adequate interference protection in HetNet. Whether slot-level shifting should also be supported needs further investigation.
Proposal 1: Confirm the working assumption of RAN1#67 with the additional signaling of subframe offset 
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· X is configurable in a UE-specific manner
· X may take on any value in the range of 0 to 503

· 
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 is relative to subframe 0 of the serving cell

· ns is the slot number of the serving cell, derived by the UE
3 Independent scrambling per CSI-RS port 
The efficient support of coherent joint transmission in Rel-11 is still undecided. For maximum flexibility, inter-CSI-RS-resource phase information should be reported along with per-CSI-RS-resource PMI. Alternatively, one PMI could be reported relative to all the ports in multiple CSI-RS resources. This method is referred to as “CSI aggregated across multiple CSI-RS resources”.

This approach has two drawbacks if no new codebook is specified. The first drawback is that the PMI size must be one of 2, 4 or 8. The second drawback is that the inter-point phase information cannot be further optimized but it is constrained by the Rel-8 and Rel-10 codebooks. This approach also requires signalling to inform the UE that it should aggregate multiple CSI-RS resources into a single PMI. Since it has been agreed that the UE should also support per-CSI-RS-resource PMI feedback, then signalling for switching between the two types of feedback would be required. Nevertheless, aggregated CSI across multiple transmission points is one sub-optimal way of supporting coherent joint transmission in Rel-11.

An alternatively solution for supporting one PMI across multiple transmission points would be to aggregate multiple transmission points into a single CSI-RS resource, which would avoid the extra signalling for switching with per-CSI-RS-resource CSI feedback. In shared cell ID scenarios it is straightforward to aggregate CSI-RS ports sent by different points sharing the same cell ID within one CSI-RS resource, and thus initialize the sequence all CSI-RS ports with the same cell ID.
In scenarios 1, 2 and 3 where transmission points belong to different cells, aggregating CSI-RS ports within the same CSI-RS resource would require the possibility to independently configure the scrambling initialization for each port within the same CSI-RS resource. Otherwise CSI-RS overhead would be sacrificed due to the requirement to support Rel-10 UEs. This is illustrated in Fig. 2.

Let’s consider the following scenario:

· CoMP measurement set: 2 transmission points, each belonging to a different cell
· Mixture of Rel-11 and Rel-10 UEs in the network, all relying on CSI-RS for feedback
In both cases, we assume that scrambling initialization is independent per CSI-RS resource.
· Fig 2a: independent sequence per port within a CSI-RS resource

· Fig 2b: same sequence for all ports within a CSI-RS resource

In this simple example, the lack of flexibility to configure CSI-RS ports with different sequences within one CSI-RS resource incurs more overhead. Therefore, if the support of inter-CSI-RS-resource phase feedback is not specified in Rel-11, the network should have the possibility to configure CSI-RS ports with different sequences within a CSI-RS resource in order to support coherent joint transmission.

Proposal 2: If inter-CSI-RS-resource phase feedback is not specified, CSI-RS ports can be configured to have different sequences within a CSI-RS resource, i.e. X is configurable independently per CSI-RS port.
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Fig 2a - Sequence initialization per CSI-RS port
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Fig 2b - Sequence initialization per CSI-RS resource
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4 Conclusions
This contribution provided an analysis of the flexibility required for configuring CSI-RS sequences per CSI-RS resource and per CSI-RS port in order to support CoMP with low overhead. In particular, it was found that initializing the CSI-RS sequence according to the Rel-10 rule (i.e. following the cell identity of the primary cell) incurs an increase in overhead proportional to the size of the CoMP measurement set.
Proposal 1: Confirm the working assumption of RAN1#67 with the additional signaling of subframe offset 
[image: image7.wmf]s

n

D

per non-zero power CSI-RS resource:


[image: image8.wmf](

)

(

)

(

)

(

)

s

10

initsCP

27mod2011212

n

cnlXXN

=××+D+++××++×+


· X is configurable in a UE-specific manner
· X may take on any value in the range of 0 to 503

· 
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 is relative to subframe 0 of the serving cell

· ns is the slot number of the serving cell, derived by the UE
If support of inter-CSI-RS-resource phase feedback is not specified in Rel-11, the network should have the possibility to configure CSI-RS ports with different scrambling within a CSI-RS resource in order to support coherent joint transmission with a sub-optimal feedback solution.
Proposal 2: If inter-CSI-RS-resource phase feedback is not specified, CSI-RS ports can be configured to have different sequences within a CSI-RS resource, i.e. X is configurable independently per CSI-RS port.
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