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1 Introduction

It was agreed at RAN1#68 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 X is configurable in a UE-specific manner and may take on any value in the range of 0 to 503:
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Remaining issues of the working assumption of RAN1#67 and agreement of RAN1#68 are:

· The interpretation of the slot number ns
· The avoidance of PSS, SSS, PBCH, SIB1, and paging subframes of neighbour cells that transmit the CSI-RS configured for the Rel-11 UE by its serving cell.
2 Interpretation of ns
In the formula for the 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 usually detects the slot number of the serving cell based on the synchronization signals. Assuming multiple CSI-RS in a subframe use the same slot number, there would be no need to inform the slot number to generate the pseudo-random sequence. However, if a CSI-RS resource is transmitted by a neighbor cell, which has a slot/subframe shift relative to the serving cell, then the CSI-RS resource of the neighbor cell will not have the same slot number as the serving cell. Therefore, information about the slot number should be provided per CSI-RS resource.
For example, in the case of scenario 3 in an FDD system, there may be a slot or subframe shift between two cells to avoid interference from the macrocell to the picocell’s PSS, SSS and PBCH. Advanced receiver capability to deal with the interference from PSS, SSS, and PBCH for detecting the picocell is not required for UE. In general, subframe-level shifting is sufficient to offer adequate interference protection. Whether slot-level shifting should also be supported needs further investigation.
Proposal 1: support additional signaling of subframe shift 
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3 Collision between CSI-RS and PSS/SSS/PBCH/SIB1/Paging
In Rel-10, the CSI-RS are configured and assumed to be transmitted by the serving cell. This implies that a UE knows the location of PSS, SSS, PBCH, SIB1 and potential paging subframes used by each UE connected to the same serving cell. In Rel-11, a UE is configured with multiple CSI-RS resources, where some of the CSI-RS ports are transmitted by other cells. These CSI-RS ports are also used by Rel-10 UEs in the other cells, or at least configured as zero-power CSI-RS to avoid PDSCH puncturing. In any case, collision avoidance rules equally apply for zero-power and non-zero-power CSI-RS in Rel-10. The problem is that a Rel-11 UE located in cell A does not know the location of PSS, SSS, PBCH, SIB1 and potential paging subframes of cell B. Therefore, if the UE applies the rules for collision avoidance between CSI-RS and PSS/SSS/PBCH/SIB1/Paging defined in Rel-10, it may not match the actual collision occurring in non-serving cells.

The broadcast information that should be considered for avoiding collisions is shown in Table 1. The location of PSS/SSS/PBCH/SIB1 is derived by the UE during synchronization. Assuming cooperating cells are synchronized at the subframe level (their subframes 0 coincide), the UE would naturally avoid the subframes containing PSS/SSS/PBCH/SIB1 of all cooperative cells by following the Rel-10 rules according to its serving cell.
Table 1: Broadcast information to be avoided by CSI-RS 

	
	FDD
	TDD
	Period

	PSS
	Last symbol (6 in normal CP, 5 in extended CP) in slots 0 (subframe 0) and 10 (subframe 5) on the central 62 subcarriers (6 PRBs)
	3rd symbol in subframes 1  and 6  on the central 62 subcarriers (6 PRBs)
	5 ms

	SSS
	Last but one symbol in slots 0 and 10 on the central 62 subcarriers (6 PRBs)
	Last symbol in slots 1 and 11 on the central 62 subcarriers (6 PRBs)
	5 ms

	PBCH
	Symbols 7/8/9/10 in subframe 0 with normal DL CP) on the 6 central PRBs
	Same as FDD
	10 ms

	DBCH SIB1
	data region in subframe 5 per 20ms
	Same as FDD
	20 ms

	Paging
	Data region in subframes 9, 4/9, or 0/4/5/9
	Data region in subframes 0, 0/5, or 0/1/5/6
	10 ms


The issue is more complex for paging since paging subframes can only be avoided on the basis of cell-specific parameters defaultPagingCycle (T) and nB (used to derive the Paging Frame and Paging Occasion), which are signalled in PCCH-Config in the IE RadioResourceConfigCommon. Therefore, values for these parameters may not be common among cells irrespective of whether a subframe shift exists. A Rel-10 UE derives all possible paging occasions for all UEs in the same serving cell considering all possible UE-specific paging cycles and UE IDs modulo 4096 in order to avoid estimating the channel over CSI-RS potentially not transmitted in these subframes. To avoid potential paging subframes over other cells, a Rel-11 UE would have to be informed of the cell-specific parameters defaultPagingCycle and nB for each cell corresponding to CSI-RS ports configured for the UE.
A proper configuration of CSI-RS subframes is essential to ensure correct CSI feedback. Some configurations of paging subframes are clearly not feasible if the eNB wants its UEs to report CSI feedback estimated over CSI-RS. This situation is not new as a restriction on the configuration of paging subframes is already needed in Rel-10 for TDD configuration 0 since all downlink subframes in this configuration could potentially be configured for paging as shown in Figure 1. So the choice of defaultPagingCycle and nB is not fully flexible in Rel-10. A similar restriction should be applied to the configuration of paging within a CoMP coordination area in cases where cells are deployed with a subframe shift. In addition to signalling the cell-specific parameters defaultPagingCycle and nB for each cell corresponding to CSI-RS ports configured for the UE, the UE should also be aware of the subframe shift as discussed in section 2.
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Figure 1. Locations of broadcast channels. For TDD, green indicates downlink subframes while yellow indicates the special subframe.
Proposal 2: a Rel-11 UE can optionally be signaled multiple sets of parameters used to derive subframes where the UE should not be assuming that configured CSI-RS are being transmitted because of potential collisions with PSS, SSS, PBCH, SIB1, paging subframes transmitted by neighbor cells. Each set is linked to one non-zero power CSI-RS resource, and each set contains:
· A subframe shift relative to subframe 0 of the serving cell

· Parameters defaultPagingCycle and nB used to derive potential paging subframes
4 Conclusions
This contribution provides an analysis of the signalling requirements for CSI-RS for CoMP in deployments where cooperating cells are configured with a subframe shift relative to one another. 
Proposal 1: support additional signaling of subframe shift 
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The issue of collision avoidance between CSI-RS and PSS, SSS, PBCH, SIB1, paging subframes of neighbour cells was also addressed. The following proposal is made to ensure correct CSI-RS estimation and collision avoidance.
Proposal 2: a Rel-11 UE can optionally be signaled multiple sets of parameters used to derive subframes where the UE should not be assuming that configured CSI-RS are being transmitted because of potential collisions with PSS, SSS, PBCH, SIB1, paging subframes transmitted by neighbor cells. Each set is linked to one non-zero power CSI-RS resource, and each set contains:

· A subframe shift relative to subframe 0 of the serving cell

· Parameters defaultPagingCycle and nB used to derive potential paging subframes
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