3GPP TSG RAN WG1 Meeting #62
R1-104555
Madrid, Spain, Aug 23 – 27, 2010
Agenda item:
6.3.2.2
Source:
ZTE

Title:
CSI-RS related muting implementation in LTE-A
Document for:        Discussion and Decision

1 Introduction

In RAN1 #61bis meeting, the CSI-RS patterns shown in Appendix-A were agreed for both normal-CP and extended-CP[1]

 REF _Ref268728376 \r \h 
[2]. With the CSI-RS RE locations specified, the major discussions remained in CSI-RS subject include whether the muting should be supported in LTE-A and, if yes, how the muting should be implemented.

Quite a few previous contributions show the performance benefit by applying the inter-cell PDSCH muting along with the CSI-RS transmission. This contribution shows our views on the detailed muting implementations.
2 CSI-RS muting design
It is already agreed in RAN1 that the CoMP feature in R10 is limited to intra-site CoMP, where there is no CoMP signaling to be transmitted over X2 interface. Given this constraint, the measurement set that the UE sees in R10 does not contain the cells belonging to different eNB sites. Then, if the muting is performed only according to the CSI-RS of inter-cells in the same site, its benefit would be very limited due to the possibly strong interference from inter-site cells. So if muting is defined in R10, the muted PDSCH RE’s might not be limited to those colliding with all CSI-RS RE’s in the measurement sets that the serving cell belongs to. There could be some PDSCH RE’s not colliding with any CSI-RS RE’s in the measurement sets but still necessary to be muted. 
On the other hand, partial muting is a good method to provide better trade-off between CoMP performance and muting overhead, which also provides a flexible adjustment mechanism based on the actual volume of CoMP traffic in the system. In other words, there could be some PDSCH RE’s that collide with certain CSI-RS RE’s in the measurement sets but meanwhile are not muted.

Based on above analysis, the muting configuration of one cell should not be directly based on all measurement sets that this cell belongs to; instead, the most flexible and universal method is to configure the cell-specific muting RE’s as some subsets of 
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, where each subset associates with its own duty cycle and subframe offset, and 
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 contains all CSI-RS RE locations as given by Figure 1 in the Appendix-A. 
Muting configuration according to set of muted RE’s
There are multiple choices for construction of such subset. For example, 

1) Direct signaling of per-cell-basis CSI-RS
Each subset is defined as the actual set of CSI-RS RE’s from each interfered-cell. Therefore, the number of subsets equals to the number of non-serving cells whose CSI-RS RE’s are interfered by the PDSCH in serving cell. In general, this number of subsets is no smaller than the measurement set size. Each subset can have the same signaling format as to indicate each cell in CSI-RS measurement set [3]. 
2) Bitmap per single 8-Tx pattern
In this method, each subset contains following information:
· index of RE#0 of 8-Tx pattern per subframe (3 bits) [3];
· muting bitmap (4-bit): the j-th bit in the bitmap indicates whether or not the two PDSCH RE’s on the corresponding locations labeled by <2j,2j+1> in the 8-Tx reuse pattern are muted; 
· subframe duty cycle and subframe offset for the muting (bit overhead TBD).
This method is efficient if the network can arrange the CSI-RS transmission in such a way that the neighboring cells, whose 4-Tx or 2-Tx CSI-RS are nested into the same 8-Tx reuse pattern, are configured with the same muting cycle and the same subframe offset. 
3) Bitmap per all 2-Tx patterns in subframe
This method comes from the preference that all CSI-RS related muting per serving cell should be in one subframe. In this method, each subset contains following information:

· muting bitmap of  
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bits: each bit in this bitmap indicates whether the corresponding two RE’s mapping to one CDM-pair of CSI-RS per subframe are muted or not;

· subframe duty cycle and subframe offset for the muting (bit overhead TBD).
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 is the total number of 8-Tx patterns per subframe. According to Figure 1, 
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If TDD should have the unified signaling format as proposed in [3], 
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 can be given by 
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We support both “bitmap per single 8-Tx pattern” and “bitmap per all 2-Tx patterns in subframe”, with the latter one slightly more preferred. 
Partial muting
In general, the partial muting can be modeled as a math description that the actual muting takes place on a fraction (P/Q) of total RE’s in what is so-called full-muting. It means the configuration of such partial muting may need two integer parameters, P and Q. In order to simplify the muting configuration, we reduce to number of variables by fixing P=1. Then, the full-muting is considered a special case of partial muting by choosing Q=1. 
Partial muting can be performed in time-domain, frequency-domain, spatial-domain or any combination of the three. 
· Time-domain partial muting can be implemented by assigning the muting cycle as 
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, where 
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 is the corresponding CSI-RS cycle. 
· Frequency-domain partial muting can be implemented by applying the muting, which is specified in either bitmap method mentioned above, only in the RB’s with index k for 
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· Spatial-domain partial muting is a variation of frequency-domain partial muting, where different CSI-RS ports may correspond to frequency-domain partial muting with different RB-offsets [4]. To be more specific in math, assume k as the RB index, then the pair of RE locations identified by <2j,2j+1> in Figure 1 are muted in the RB with index k if 

i. 
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, and
ii. <2j,2j+1> is identified as muted pair of RE’s as in either bitmap method mentioned above. 
For example, 
· If Q=1, this is equivalent to full-muting. 

· If Q=2, the PDSCH RE’s mapping to CSI-RS RE’s {0,1,4,5} are muted in even-numbered RB’s, and PDSCH RE’s mapping to CSI-RS RE’s {2,3,6,7} are muted in odd-numbered RB’s. 

· If Q
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4, the PDSCH RE’s mapping to CSI-RS RE’s {2j,2j+1} are muted once every Q RB’s. 
Time-domain partial muting does not require extra signaling to carry parameter Q, because this parameter is contained in the signaling of muting cycle. However, the partial muting in frequency-domain and spatial domain needs to signal the parameter Q along with each bitmap configuration. 
3 Conclusions

Based on the analysis in this contribution, we propose to signal the CSI-RS related muting (if defined) in the format that may contain one or multiple copies of information element, each of which contains the following information:
· The muting cycle and subframe offset, which can be no different from the way of PRS period/offset configuration;

· The bitmap-related information, as defined by either “bitmap per single 8-Tx pattern” or “bitmap per all 2-Tx patterns in subframe”;
· Parameter (Q), optional for partial muting in frequency-domain and spatial domain.
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Appendix A. CSI-RS patterns
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(a). Pattern P_NCP_FDD_TDD            (b). Pattern P_NCP_TDD_only
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(c). Pattern P_ECP_FDD_TDD               (d). Pattern P_ECP_TDD_only

Figure 1 Agreed CSI-RS patterns
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