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1. Introduction
Configuration of multiple CSI-RS resources was discussed in the RAN1#68bis meeting and the following were agreed:
· Configuration of multiple non-zero-power CSI-RS resources includes at least:
· AntennaPortsCount
· ResourceConfig
· SubframeConfig
· Pc
· Parameter X to derive scrambling initialization

· These parameters are configured per CSI-RS resource

· FFS whether some parameters can be configured per CSI-RS port considering the decision of supporting coherent joint transmission by the aggregated CSI feedback corresponding to multiple TPs in one CSI-RS resource
· FFS: UE specific RRC signalling for CSI-RS restriction is configurable per CSI-RS resource
· FFS: Signaling of the bandwidth information for CSI-RS
In this contribution, we discuss on some of the remaining issues.
2. Discussion on CSI-RS restriction
In Rel-10, the CSI-RS will not be transmitted in some resource which is possible to transmit other important message. 

The UE shall assume that CSI reference signals are not be transmitted [1]
-
in the special subframe(s) in case of frame structure type 2,

-
in subframes where transmission of a CSI-RS would collide with transmission of synchronization signals, PBCH, or SystemInformationBlockType1 messages,
-     in subframes configured for transmission of paging messages. 
For a Rel-11 UE, only the CSI-RS restriction of the serving cell is attainable. However, the multiple CSI-RS resources may come from different cells with independent configuration due to the above restriction. Without information of CSI-RS restriction in each cell, a UE may still detect CSI-RS in physical resource where the corresponding cell doesn’t transmit CSI-RS. This will lead to inaccurate CSI measurement and feedback at UE and may impact the CoMP gain. Hence, the CSI-RS restriction of each CSI-RS resource should be signalled to UEs according to the configuration in the cell transmitting that CSI-RS. Here, we discuss what signalling is needed to indicate the above restriction for each CSI-RS resource. The discussion is based on the assumption of SFN synchronization for cooperative cells.
Special subframe(s), synchronization signals, PBCH
According to current specification, the subframe index and RE position of special subframe(s), PSS/SSS and PBCH are the same for different cells as long as there is SFN synchronization for these cells. Then the restriction of these resources in serving cell can be directly effective to all the CSI-RS resources.
Proposal 1: No signaling is needed for CSI-RS restriction caused by special subframe(s), PSS/SSS and PBCH with synchronized frame among cells.
SystemInformationBlockType1 messages
The SIB1 message is transmitted in subframe 5 in the even frame. For different cells, if the frame number is not synchronized, the even frame in a cell may be the odd frame in another cell. For this case, one additional bit can be introduced for each CSI-RS resource, to indicate whether the even frame of the cell transmitting CSI-RS resource is synchronous with that of the serving cell.
Proposal 2: Additional signaling should be introduced for synchronous situation of frame number among cells to indicate the CSI-RS restriction due to SIB1 message.
Resource for transmission of paging messages
The possible subframe for paging message in a cell is determined by the value of Ns (Ns∈{1,2,4}) [3]. A UE can assume that the corresponding subframe in each frame won’t be used for a certain CSI-RS resource if the value of Ns in the cell transmitting that CSI-RS resource is indicated to UE. In this case, only the signaling for Ns is needed for each resource for possible paging subframe. However, with different system configuration, the paging message may only be transmitted in some of frames. Though it is simpler to assume paging message to be transmitted in every frame, the available resource for CSI-RS measurement will be very restricted with this assumption, especially in some uplink-downlink configurations of TDD system. To apply CSI-RS resource efficiently, we study the method to indicate the possible paging frame and subframe for each CSI-RS resource.
According to current specification, the resource for paging message is composed by Paging Occasion (PO) and Paging Frame (PF) [3], which are determined by following formulae using the DRX parameters provided in System Information:
· PF is given by following equation:
SFN mod T= (T div N)*(UE_ID mod N)                                                                                      (1)
· Index i_s pointing to PO from subframe pattern will be derived from following calculation:

i_s = floor(UE_ID/N) mod Ns                                                                                                       (2)
where T is the DRX cycle of the UE (T∈{32,64,128,256}), nB is provided in broadcast System Information (nB∈{4T, 2T, T, T/2, T/4, T/8, T/16, T/32}, and:

· N= min(T,nB)                                                                                                     
               (3)
· Ns= max(1,nB/T)                                                                                                
               (4)
· UE_ID= IMSI mod 1024                                                                                   

 (5)
From the above formulae, the possible PO for all UEs in a cell is determined by Ns based on paging subframe patterns table [2] regardless of the UE_ID. The possible PF in a cell is the aggregate of the PF for each UE in the cell, which is obtained from T and nB based on the formula (1) and (3). According to formula (3), we can conclude that the PF is expressed by following: 
· If nB≥T, then N=T and the PF is given by:

SFN mod T= UE_ID mod T                                                                             
               (6)
· If nB<T, then N=nB and the PF is given by

SFN mod T= T/nB*(UE_ID mod nB)                                                               
               (7)
Considering all possible UE_ID, the possible PF in a cell can be expressed to be:

SFN mod T= UE_ID mod T = {0,1,…,T-1} if nB≥T                                       

 (8)
SFN mod T= T/nB*(UE_ID mod nB) = T/nB*(0,1,…,nB-1) if nB<T              

 (9)
Hence, according to formula (4) and (8), one or multiple subframes within each frame may be used for paging with nB≥T. For nB<T, one subframe in the frame which is a multiple of T/nB may be the paging subframe. Hence, with signalling of paging density nB, all the possible paging frames and subframes of a certain cell can be achieved at UE for corresponding CSI-RS resource. However, the frame number may not be synchronous among cells, particularly for FDD. The information of frame offset k between the cell transmitting CSI-RS and the serving cell should also be signaled for each CSI-RS resource. Considering that the maximal interval of possible paging frame in a cell is 32 (according to the minimal paging density with nB=T/32), maximal 5 bits is sufficient for this information (m = k mod 32). In a word, for each CSI-RS resource, 8bits RRC signaling can be introduced for indication of paging density nB (3bits) and paging frame offset m among cells (5bits). Further study can be taken on whether the signaling overhead can be further reduced via jointly encoding the two information.
Proposal 3: Additional signaling should be introduced for paging density nB and paging frame offset to indicate the CSIRS restriction due to paging message.
3. Conclusions

In this contribution, we discuss the issue of CSI-RS restriction for CSI-RS resource from different cells. To inform the unavailable resource for each CSI-RS resource, some RRC signaling can be introduced. Based on the assumption of SFN synchronization and asynchronous frame number among cells, the following RRC signalings are proposed for CSI-RS restriction of each CSI-RS resource:
· RRC signalling to indicate the synchronous situation of frame number for SIB1 message (1bit)
· RRC signalling to indicate paging density nB and paging frame offset for paging message(8bits)
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