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1 Introduction
According to Rel-10 specification, the UE should assume CSI-RS is not transmitted by its serving eNB if such transmission instance otherwise collides with PSS/SSS, PBCH/SIB1 or paging channel that is transmitted by the same eNB. Therefore, when Rel-11 UE attempts to measure CSI-RS transmitted from a non-serving TP, it needs to ensure whether that CSI-RS instance is indeed transmitted. It was proposed in [2]

 REF _Ref322001339 \r \h 
[3] that additional signaling should be specified to inform UE of those subframes in which the CSI-RS can be safely measured. 

This contribution analyzes the timing relation between CSI-RS and SCH/PBCH/SIB1/Paging, and shows our views on CSI-RS restriction signaling.  
2 Collision between CSI-RS and PSS/SSS/PBCH/SIB1  
The transmission cycles of PSS/SSS/PBCH and CSI-RS are given by:
· PSS/SSS: 5ms occurrence cycle for both FDD and TDD. 
· PBCH: 10ms occurrence cycle.
· CSI-RS: occurrence cycle can be any from {5,10,20,40,80}ms  

Therefore, regardless of CSI-RS transmission cycle, if CSI-RS collides with PSS/SSS at its k-th transmission instance, the collision with PSS/SSS must repeat at (k+1)-th instance and so-on. The same phenomenon is true for the collision between CSI-RS and PBCH, as long as the CSI-RS cycle is no less than 10ms. When CSI-RS cycle is 5ms, the collisions with PBCH, if any, occur at every other transmission instance, which makes the 5ms-cycle CSI-RS equivalent to 10ms-cycle CSI-RS. Then it can be left to eNB implementation to just configure 10ms-cycle CSI-RS and to completely avoid the collision. 

Observation-1: It is not necessary to define CSI-RS restriction to inform potential collision with PSS/SSS/PBCH, since the collision can be fully avoided by eNB implementation. 
SIB1 is transmitted in subframe #5 of every even radio frames. Based on the similar analysis to what is shown above for PBCH, it is also not necessary to adopt CSI-RS restriction to alert possible collision between CSI-RS and SIB1 if the CSI-RS cycle is larger than 5ms. On the other hand, if SFN of the TP that uses subframe #5 of even frames to carry CSI-RS is known to UE, the UE should know the potential collision based on SFN/subframe timings of its own serving TP. 
Observation-2: CSI-RS restriction signalling to inform UE of collision between CSI-RS and SIB1 is needed only when CSI-RS cycle is 5ms and the SFN offset between the TP sending CSI-RS and the TP serving the UE is unknown to UE; it is not necessary if the SFN offset between the TPs is known to UE.   
3 Collision between CSI-RS and paging

According to [4], the paging channel transmission instance is identified by a pair of parameters <PF, PO>, which respectively indicate the radio frames and the subframes in those radio frames where the paging can be transmitted. The key in judging possible collision between CSI-RS and paging in one subframe is to decide whether the given subframe is ensured to be paging free or is allowed to carry paging message regardless of IMSI of paged UE. The analysis shows that this judgement only depends on the cell-specifically configured parameter k, which is used by UE in calculation of another parameter nB as specified in [4]. The value of k can be chosen from {4, 2, 1, 1/2, 1/4, 1/8, 1/16, 1/32}. The relation between k and <PO, PF> is summarized below. 
· If k=4, PO includes subframes {0,4,5,9} for FDD and subframes {0,1,5,6} for TDD.
· If k=2, PO includes subframes {4,9} for FDD and subframes {0,5} for TDD.

· If k≤1, PO includes subframe {9} for FDD and subframe {0} for TDD. 

For any k, PF includes all radio frames satisfying SFN mod (max(1,1/k))=0. Therefore, 
· If k≥1, PF includes every radio frame. If one CSI-RS resource is blocked once by paging occasion, it is always blocked in every transmission instance for k>1 with any CSI-RS cycle, or for k=1 with CSI-RS cycle no smaller than 10ms. If k=1, 5ms-cycle CSI-RS colliding with paging occasions is equivalent to an eNB-configured 10ms-cycle CSI-RS. 
· If k<1 and CSI-RS cycle is less than 1/k radio frames, CSI-RS transmission instances falling into subframe 9(FDD) or 0(TDD) are periodically blocked by paging occasions. This is the only case in which UE needs to know not only subframeConfig information but also paging configuration of the TP sending CSI-RS. Because the paging PF satisfies 
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and (1/k) is integer multiple of CSI-RS cycle (TCSI-RS), the subframes identified by subframeConfig to potentially collide with paging should satisfy
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. Therefore, for each given TCSI-RS, there is one and only one subframeConfig index (ICSI-RS) causing potential collision between CSI-RS and paging. In other words, at maximum 5 out of 155 ICSI-RS values can result in potential collision with paging. 
Observation-3: When and only when all following conditions are met, it may be necessary for UE to obtain additional information, such as paging configuration parameter k, to decide whether a given CSI-RS transmission instance is blocked by the paging occasion.
· The cell-specific paging configuration shows k<1 in its configuration of nB; and 
· 1/k is integer multiple of CSI-RS cycle (TCSI-RS).

· The parameters TCSI-RS and ∆CSI-RS identified by CSI-RS subframeConfig satisfy 
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It should be noted that, observation-3 does not necessarily mean the CSI-RS restriction signalling has to be defined. The work-around can include:

· UE assumes all TPs from which it measures CSI-RS have the same nB as its serving TP. 
· eNB does not configure CSI-RS that is for inter-cell measurement into subframe 9 (FDD) or 0(TDD) of any radio frame. 
· eNB would ensure the subframeConfig satisfy 
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=9(FDD) or 0(TDD). In this solution, CSI-RS can still be sent in subframe 9 or 0 in certain radio frames, when having a CSI-RS cycle no less than 1/k frames. 
4 Conclusion 
Based on the analysis in this paper, the blocking of CSI-RS transmission by paging message is the main reason to specify CSI-RS restriction signaling. However, such CSI-RS blocking happens only for at most 5 out of 155 CSI-RS subframeConfig, and on the other hand can be all avoided by eNB implementation. 
Proposal-1: It is not necessary to define CSI-RS restriction signaling. 
· UE should assume that, once configured, the CSI-RS resource is not blocked by paging.
· It should be assumed that the TPs whose CSI-RS are measured by the same UE have the aligned SFN. 

Proposal-2: Should CSI-RS restriction signaling be specified, it should be as simple as possible. Each CSI-RS resource can be attached with one 3-bit parameter k to indicate the paging configuration of the transmitting TP.  
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