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1 Introduction

The conclusions on Interference Measurement Resource (IMR) at the RAN1#70 meeting [1] are listed as follows:
	· IMR granularity (assuming that hopping is not configured):

Agreement: 

· 4 REs/PRB

· Send LS to RAN4 informing them of this decision and asking them to check the achievable accuracy of the interference measurements and let RAN1 know if they foresee any problems. – Juho - R1-123928 – Revised in R1-123970. 

Add “The REs of an IMR are REs which can be configured as a ZP CSI-RS resource.” – approved in R1-123983. 
Agreement:

· IMR configuration: 

· Each IMR is configured independently with a R10 subframeConfig and a R10 resourceConfig, where resourceConfig is for 4 REs

· All the IMRs configured for one UE shall together use only REs which can be configured as a single R10 ZP CSI-RS resource configuration. 

Agreement: 

· For the purpose of interference measurement on an IMR, the UE shall assume that all signals received on the REs of the IMR are interference.

· Further details of how the UE measures the interference on IMR are left to the UE implementation.


The configuration of IMRs has been discussed at the RAN1#70 meeting and the corresponding email discussion [2], however there still exist some issues for further discussions.

In this contribution, we will discuss the remaining issues concerning the configuration of IMRs.
2 Discussion
2.1 Configurations of IMRs

2.1.1 Overlapping/hopping IMRs
The hopping of IMRs, proposed in [3]

 REF _Ref336677625 \r \h 
[4], targets to increase the maximum number of IMRs configurations by allowing IMRs to be partially overlapped with each other. The partially overlapped IMRs are also called as quasi-orthogonal IMRs. 
As described in [3], it is stated that a pattern consists of “2 REs selected from 4 REs in a selected group (6 ways)”, there are six patterns by selecting 2 REs from a group (i.e. one ZP CSI-RS containing 4 REs), which are shown in Fig. 1.
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Fig. 1: The six patterns of selecting 2 REs from a group.
Obviously, not all the patterns in Fig.1 are fully orthogonal, i.e. some of the six patterns in Fig. 1 have REs overlapped, e.g. the first and the third patterns.
One IMR is composed of four REs from two patterns designed above. The following example of Fig. 2 shows a subset of possible patterns for two grouped IMRs, which has up to 36 possible patterns. In Fig. 2, one IMR is represented by 4 coloured REs and the other is represented by 4 white REs. Considering that “Two groups of 4REs selected from 10 possible groups (45 ways)”[3], the number of patterns will be increased to as many as 
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Fig. 2: An example of a subset of patterns for 2 IMRs.

Once the two groups, each of which has one ZP CSI-RS containing 4 REs, are selected from the 10 candidate groups, the interference hypotheses are decided no matter how the two IMRs are selected from the two chosen groups. For example, as illustrated in Fig. 3, although IMR2 (red+yellow) is hopped to IMR3 (red+blue), the interference hypothesis will remain unchanged. More specifically, in our view the interference hypothesis is not directly related to IMR pattern, but depends on the relative location of REs of IMRs.
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Fig. 3: The example of IMRs hopping (IMR1/2/3 are coloured).
Thus, in our opinion, it is questionable that the solution of [3] can provide more interference hypotheses, so it is questionable the solution can reach the purpose of achieving more configuration of IMRs. The first issue of IMRs hopping is that:

Issue-1: It is questionable that the solution of [3] can reach the purpose of achieving more configurations of IMRs.
Some other issues were also raised in email-discussion [2], such as:
Issue-2: The accuracy of IMRs with hopping need justified.
If hopping is across two groups or PRBs [4], new interference hypothesis can be created. As shown in Fig. 4, if IMR3 is hopped to IMR4 (or IMR5) crossing the groups, each of which has one ZP CSI-RS containing 4 REs), new interference hypothesis will be created for IMR4 (or IMR5) compared with IMR2/3. For instance, IMR5 can represent the interference including TP1.,However, since fewer available resource is involved in the measurement, e.g., only two REs (RE5/6) of IMR5 can measure the interference from TP1, the results of interference measurement may not be sufficiently accurate.
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Fig. 4: An example of IMRs hopping across ZP CSI-RS (IMR1/2/3/4 are colored)

Issue-3: New patterns of ZP CSI-RS need to be defined for hopping.
The proposed hopping scheme essentially defines a new ZP CSI-RS pattern with a granularity of 2REs. Consequently, additional configuration and addressing mechanism has to be defined, which will cause very large standardisation efforts.

Issue-4: Odd number of IMRs may cause the waste of REs.
The configurations unit will be 8 REs, which corresponds to 2 IMRs without hopping. If an odd number of IMRs are configured as per current working assumption, 4 REs in two of the four groups will be wasted.
Considering the above issues, IMRs hopping schemes are problematic and need to be further studied.

On the other hand, it was claimed that the purpose of IMR hopping is to alleviate efforts of network planning [2]. In our view, however, the configurations of CSI-RS without hopping can be easily realized by implementation specific methods as analyzed in Section 2.1.2, while imposing none of the abovementioned issues.
Proposal 1: The configuration of IMRs can be implementation specific.
Considering the timeframe of Rel-11, we suggest that:
Proposal 2: Overlapping/hopping IMRs are not supported in Rel-11.
2.1.2 Configurations for ZP CSI-RS
During RAN2 email discussion [5], it has been identified that “It is not mentioned explicitly in […] whether zero power CSI-RS (ZP CSI-RS) can be configured as part of the Rel-11 CSI-RS resources configuration”.

In Rel-10, ZP CSI-RS are designed to coincide with NZP CSI-RS to avoid interfering NZP CSI-RS. A CoMP UE knows the ZP CSI-RS that coincides with the configured NZP CSI-RS, so it can perform proper rate matching around the configured multiple NZP CSI-RS. However, the UE does not know the ZP CSI-RS that are designed to coincide with the NZP CSI-RS configured to other UEs. Furthermore, even though IMRs are indicated by dedicated RRC signalling and thus it is aware of which ZP CSI-RS are used as IMRs, however, it does not have the knowledge of the ZP CSI-RS designed to assist the IMRs configured to other UEs.
In summary, the ZP CSI-RS that are not indicated by NZP CSI-RS and IMR configurations can be categorized into two types: 
· The ZP CSI-RS designed to coincide with the NZP CSI-RS configured to other UEs; 
· The ZP CSI-RS designed to assist the IMRs configured to other UEs.
As shown in Appendix A.1 and A.2, the configurations for IMRs require a large amount of ZP CSI-RS compared with Rel-10.
Observation 1: With its own configurations of NZP CSI-RS and IMRs, the UE still does not know a considerable number of additional ZP CSI-RS that are configured at network side.

If the additional ZP CSI-RS is not informed to the UE, the rate matching error can be avoided by implementation, e.g.:

· eNB only schedules the given UE in the subframes not containing the additional ZP CSI-RS;

· eNB pretends not knowing the additional ZP CSI-RS upon rate matching, in order to be consistent with the UE that does not know the additional ZP CSI-RS either, but punctures relevant REs at resource mapping.

However, the implementation-dependent methods may result in performance degradation, since as mentioned above a considerable number of additional ZP CSI-RS are not informed to the UE.
Therefore, it does not make sense to exclude the configuration of ZP CSI-RS resources from Rel-11. Thus we propose:
Proposal 3: At least one ZP CSI-RS resource can be configured to one UE in Rel-11.




- FFS if more than one ZP CSI-RS resource can be configured to one UE.

3 Conclusion
In this contribution, we have discussed the remaining issues for configuration of IMRs, and come up with the following suggestions:
Proposal 1: The configuration of IMRs can be implementation specific.
Proposal 2: Overlapping/hopping IMRs are not supported in Rel-11.
Proposal 3: At least one ZP CSI-RS resource can be configured to one UE in Rel-11.
- FFS if two or more ZP CSI-RS resource can be configured to one UE.
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Appendix
A CSI-RS configurations for channel estimation

The main criterion of CSI-RS configurations for channel estimation is:

· ZP CSI-RS is configured to avoid interfering NZP CSI-RS estimation in each measurement set within the coordination area.

As an example, in which typically 5 TPs are deployed in a coordination area, is provided in Table 1 with their CSI-RS configurations for channel estimation.

Table 1: The configuration in a subframe for the CSI-RS used for channel estimation.
	TP1
	
	TP2
	
	TP3
	
	TP4
	
	TP5

	CSI-RS1
	
	muted
	
	muted
	
	muted
	
	muted

	muted
	
	CSI-RS2
	
	muted
	
	muted
	
	muted

	muted
	
	muted
	
	CSI-RS3
	
	muted
	
	muted

	muted
	
	muted
	
	muted
	
	CSI-RS4
	
	muted

	muted
	
	muted
	
	muted
	
	muted
	
	CSI-RS5


With the above fully-orthogonal configurations, the abovementioned criterion can be satisfied. If we assume there are maximum N TPs in a coordination area, and the number of NZP CSI-RS is N, then the number of additional ZP CSI-RS per TP designed to coincide with the NZP CSI-RS configured to other UEs will be N-K, where K is the number of NZP CSI-RS configured for a given UE.
A ZP CSI-RS configurations for IMRs

The main criterion of IMRs configurations is:

· IMRs are orthogonal in a coordination area such that they are also orthogonal in each measurement set within this coordination area.

An example for ZP CSI-RS configurations for IMRs is shown below. Note that only the different configurations are shown in the tables.

A DPS (no interference hypotheses of blanking)

Table 2: The configuration in a subframe for the ZP CSI-RS used as IMRs (Case 1).
	
	TP 1
	
	TP 2
	
	TP 3
	
	TP 4
	
	TP 5

	IMR1
	muted 
	
	PDSCH
	
	PDSCH
	
	PDSCH
	
	PDSCH

	IMR2
	PDSCH
	
	muted 
	
	PDSCH
	
	PDSCH
	
	PDSCH

	IMR3
	PDSCH
	
	PDSCH
	
	muted 
	
	PDSCH
	
	PDSCH

	IMR4
	PDSCH
	
	PDSCH
	
	PDSCH
	
	muted 
	
	PDSCH

	IMR5
	PDSCH
	
	PDSCH
	
	PDSCH
	
	PDSCH
	
	muted 


In this example, there are 5 IMRs in total and 1 ZP CSI-RS per TP.

A DPS/DPB with blanking of one TP
DPS/DPB with blanking of TP1:

Table 3: The configuration in a subframe for the ZP CSI-RS used as IMRs (Case 2).
	
	TP 1
	
	TP 2
	
	TP 3
	
	TP 4
	
	TP 5

	IMR6
	muted
	
	muted 
	
	PDSCH
	
	PDSCH
	
	PDSCH

	IMR7
	muted
	
	PDSCH
	
	muted 
	
	PDSCH
	
	PDSCH

	IMR8
	muted
	
	PDSCH
	
	PDSCH
	
	muted 
	
	PDSCH

	IMR9
	muted
	
	PDSCH
	
	PDSCH
	
	PDSCH
	
	muted 


DPS/DPB with blanking of TP2:

Table 4: The configuration in a subframe for the ZP CSI-RS used as IMRs (Case 3).
	
	TP 1
	
	TP 2
	
	TP 3
	
	TP 4
	
	TP 5

	IMR10
	PDSCH
	
	muted
	
	muted 
	
	PDSCH
	
	PDSCH

	IMR11
	PDSCH
	
	muted
	
	PDSCH
	
	muted 
	
	PDSCH

	IMR12
	PDSCH
	
	muted
	
	PDSCH
	
	PDSCH
	
	muted 


DPS/DPB with blanking of TP3:

Table 5: The configuration in a subframe for the ZP CSI-RS used as IMRs (Case 4).
	
	TP 1
	
	TP 2
	
	TP 3
	
	TP 4
	
	TP 5

	IMR13
	PDSCH
	
	PDSCH
	
	muted 
	
	muted 
	
	PDSCH

	IMR14
	PDSCH
	
	PDSCH
	
	muted 
	
	PDSCH
	
	muted 


DPS/DPB with blanking of TP4:

Table 6: The configuration in a subframe for the ZP CSI-RS used as IMRs (Case 5).
	
	TP 1
	
	TP 2
	
	TP 3
	
	TP 4
	
	TP 5

	IMR15
	PDSCH
	
	PDSCH
	
	PDSCH
	
	muted
	
	muted 


DPS/DPB with blanking of TP5 can reuse the configurations above.

In this example, there are 10 IMRs in total, and 4 ZP CSI-RS per TP.
A DPS/DPB with blanking of two TPs
DPS/DPB with blanking of {TP1, TP2}:

Table 7: The configuration in a subframe for the ZP CSI-RS used as IMRs (Case 6)
	
	TP 1
	
	TP 2
	
	TP 3
	
	TP 4
	
	TP 5

	IMR16
	muted
	
	muted
	
	muted 
	
	PDSCH
	
	PDSCH

	IMR17
	muted
	
	muted
	
	PDSCH
	
	muted 
	
	PDSCH

	IMR18
	muted
	
	muted
	
	PDSCH
	
	PDSCH
	
	muted 


DPS/DPB with blanking of {TP2, TP3}:

Table 8: The configuration in a subframe for the ZP CSI-RS used as IMRs (Case 7)
	
	TP 1
	
	TP 2
	
	TP 3
	
	TP 4
	
	TP 5

	IMR19
	PDSCH
	
	muted
	
	muted
	
	muted 
	
	PDSCH

	IMR20
	PDSCH
	
	muted
	
	muted
	
	PDSCH
	
	muted 


DPS/DPB with blanking of {TP1, TP3}:

Table 9: The configuration in a subframe for the ZP CSI-RS used as IMRs (Case 8)
	
	TP 1
	
	TP 2
	
	TP 3
	
	TP 4
	
	TP 5

	IMR21
	muted
	
	PDSCH
	
	muted
	
	muted 
	
	PDSCH

	IMR22
	muted
	
	PDSCH
	
	muted
	
	PDSCH
	
	muted 


DPS/DPB with blanking of {TP4, TP5}:

Table 10: The configuration in a subframe for the ZP CSI-RS used as IMRs (Case 9)
	
	TP 1
	
	TP 2
	
	TP 3
	
	TP 4
	
	TP 5

	IMR23
	muted 
	
	PDSCH
	
	PDSCH
	
	muted
	
	muted

	IMR24
	PDSCH
	
	muted 
	
	PDSCH
	
	muted
	
	muted

	IMR25
	PDSCH
	
	PDSCH
	
	muted 
	
	muted
	
	muted


DPS/DPB with blanking of {TP1, TP4}, {TP1, TP5}, {TP2, TP4}, {TP2, TP5}, {TP3, TP5}, {TP3, TP4} can reuse the configurations above. It is worth mentioning that there are totally 10 IMRs and 6 ZP CSI-RS per TP.
A Summary
If we assume there are maximum N transmission points in a coordination area, the number of all possible IMRs and the number of ZP CSI-RS per TP are summarized as follows:

· The number of possible IMRs representing DPS (no interference hypotheses of blanking) is 
[image: image7.wmf]N

N

=

÷

÷

ø

ö

ç

ç

è

æ

1

, and 1 ZP CSI-RS is used for IMR per TP. 
[image: image8.wmf]÷

÷

ø

ö

ç

ç

è

æ

Y

X

 is the combination that represents ‘X choose Y’;

· The number of IMRs representing DPS/DPB with blanking of one TP is 
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 ZP CSI-RS are used for IMRs per TP.;
· The number of IMRs representing DPS/DPB with blanking of two TPs is 
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 ZP CSI-RS are used for IMRs per TP.
Therefore, the number of ZP CSI-RS for IMRs per TP is 1+
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. We summarize the above formulas in Table 11.
Table 11: The number of ZP CSI-RS used for IMRs per TP.
	N
	The number of ZP CSI-RS used for IMRs per TP

	3
	1+2+1=4

	4
	1+3+3=7

	5
	1+4+6=11

	6
	1+5+10=16


A Global CSI-RS planning
For one TP, the number of CSI-RS per 4REs in one PRB of one subframe is only 10. The CSI-RS will be at least used as:

· NZP CSI-RS;

· IMRs;

· ZP CSI-RS designed to coincide with the NZP CSI-RS configured to other UEs;

· ZP CSI-RS for assisting in deriving the interference hypotheses of DPB.

From the typical example in Appendix A.1 and A.2, we can see that CSI-RS available in one subframe are not enough for the above usage. More specifically, we have to at least divide the above 4 use cases into two groups:

· Group1:

· NZP CSI-RS;

· ZP CSI-RS designed to coincide with the NZP CSI-RS configured to other UEs.

· Group2:

· IMRs;

· ZP CSI-RS for assisting in deriving the interference hypotheses of DPB.

Then, we can allocate Group1 in subframe #1, and Group2 in subframe #2 if some DPB assumptions are discarded, e.g. some cases of DPB with blanking of two TPs. Moreover, the number of CoMP UEs is usually small, it may not be necessary for eNB to configure all measurement sets. Therefore, it is not problematic to put two Groups into two subframes. 

It is worth noting that, dividing the above 4 use cases into two groups is beneficial for design of CSI measurement and reporting. As mentioned in [6], some companies suggested to limit the NZP CSI-RS and IMRs in 5 ms grid for a UE to mitigate the additional delay caused by the 5 ms periodicity of CSI reference resource, which could be implementation specific.
In addition, eNB can do the following configurations by higher layers:

· Configure all CSI-RS, including NZP CSI-RS, ZP CSI-RS and IMRs, according to the configured measurement sets;

· Allocate the corresponding CSI-RS to each CoMP UE.
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