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Introduction
The possibility of introducing interference measurement resource (IMR) configurations with partial overlap was briefly discussed in RAN1#70 without any agreement. The relevant agreements in RAN1#70 related to IMR are listed below. In this contribution we provide details on a solution using partially overlapping IMRs with hoping and point out the key benefits.
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
2 
IMR design
IMR Type A (Natural evolution from Rel-10): This assumes that only Rel-10 ResourceConfig and Rel-10 SubframeConfig are used for configuration of IMRs. Then within a single Rel-10 ZP CSI-RS ResourceConfig, 10 IMR configurations are possible (reuse factor = 10). The IMRs are non-overlapping (or orthogonal). A single IMR configuration (denoted by IMR-1) is shown in Figure 1 – every PRB has the same IMR RE mapping in the subframe containing IMR(s). The overhead due to IMR-1 is 4 REs/PRB for Rel-10 UEs.
IMR Type B (hopping within a PRB): In addition to Rel-10 ResourceConfig and Rel-10 SubframeConfig, additional information on RE mapping is needed for configuring this type of IMR. A Rel-10 ResourceConfig can be used to select two groups of 4REs from 10 possible groups in 45 different ways for each PRB. Additionally 2 REs are selected from 4 REs in a selected group (6 different ways). So reuse factor attained in this way is 45x6x6=1620 with an additional signaling overhead of ceil(log2(6*6))=6 bits. In this case the RE mapping for an IMR is fixed in all PRBs so there is no RE hopping across PRBs in time or frequency. This is illustrated in Figure 2 where 3 IMR configurations are shown. IMR-1 and IMR-2 are orthogonal, IMR-3 has an overlap of 50% with IMR-1 and 50% with IMR-2. 

In this approach it is beneficial to consider that PDSCH for Rel-11 UEs are rate-matched around the configured IMR(s). If considered, the overhead seen by Rel-11 UEs will be 4RE per IMR, otherwise it will be at least 8 REs as overhead for one or more configured IMRs. 
IMR Type C (hopping within a PRB and across PRBs in frequency): This can be constructed in the same way as IMR Type B and then introducing RE hopping in frequency. The hopping is restricted between odd and even PRBs – in other words, RE mapping is the same for all odd PRBs and also the same for all even PRBs. As shown in Figure 3, the RE mapping for PRB-1 and PRB-2 are different. The reuse factor by introducing hopping is 46x6x6x6x6=58320. An additional 6 bits of signaling overhead is needed on top of IMR Type B.
As in the case of type B, it is beneficial to consider that PDSCH in Rel-11 UEs is rate-matched around the configured IMR(s).
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Figure 1: IMR Type A
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Figure 2: IMR Type B
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Figure 3: IMR Type C
Planning flexibility with IMR Type B & C: It is worth noting that within a single Rel-10 ZP CSI-RS ResourceConfig, 10 IMR configurations are available for IMR Type A, 1620 configurations are available for IMR Type B and 58320 configurations are available for IMR Type C. All the configurations for IMR Type A are non-overlapping (orthogonal). Using only IMR Type A the network will need to plan IMR usage such two nodes using the same IMR configuration do not interfere with each other under any circumstance – otherwise the IMRs will overlap completely causing very large CQI errors. This creates a challenge for a network in planning IMR usage given that ease-of-deployment is critical for developing networks in the future and small cell deployments may continuously evolve in a less planned manner. Besides, it poses additional challenges for CoMP deployments where IMR consumption is higher than non-CoMP deployments.
In the case of IMR Type B&C we see that among the possible IMR configurations there are many groups of IMR configurations that are mutually orthogonal. In the case of IMR Type B we have 18 groups of 10 mutually orthogonal IMR configurations. However, any two IMRs between groups have only partial overlap. This is shown in Table 1 which also indicates that IMR Type B&C provides large sets of IMR configurations whose mutual overlap is relatively small (say less than 25% overlap). This shows that IMR Type B&C provides a lot of flexibility at the network in terms of IMR planning – particularly in the case of evolving deployments. 
An example deployment situation is shown in Figure 4 where two sets of mutually orthogonal IMR configurations are planned in widely separated locations (achieved using IMR Type B&C). There will be partial overlap between the two sets of IMRs. Such deployment scenarios are typical for coordination, all the TPs within a CoMP cluster may be connected with fiber backhaul and they may be deployed with orthogonal IMRs using CoMP to coordinate the interference. Between the clusters, the backhaul connection could be of high latency and therefore partially overlapping IMRs can be deployed since the interference coordination requires less accuracy. 
Table 1: The maximum number of IMR configurations within a single Rel-10 ZP CSI-RS ResourceConfig with a certain mutual overlap
	IMR Design Options
	Maximum number of IMR configurations with certain mutual overlap 


	
	0 (orthogonal, 

no overlap)
	≦0.25 (1.25dB) 

overlap
	≦0.375 (2dB)

overlap
	≦0.5 (3dB)

overlap

	IMR Type A
	10
	10
	10
	10

	IMR Type B
	10* (many such 
groups)
	26
	26
	516

	IMR Type C
	10* (many such
groups)
	50
	156
	621


* There exist multiple groups of mutually orthogonal IMR configurations. Each group consists of 10 IMR configurations. There is partial overlap across the groups (but no common IMR configuration across groups).
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Figure 4: Shows an example of IMR planning that can be achieved with IMR Type-B and IMT Type-C
Overhead reduction in CoMP deployments with IMR Type B & C: It is straightforward to see that CoMP deployments can create a high demand for the number of IMR configurations. As an example we can consider a case with 4 TPs in Figure 5 employing CoMP. Then it is easy to see that 4 IMR configurations are needed to support DPS transmission scheme only. If JT from each TP pair is to be supported another 6 IMRs are needed. Then with IMR Type A, the total IMR overhead is 10*4=40 REs/PRB for 10 IMR configurations. As shown in Table 2 below, IMR Type B&C can provide 12 IMR configurations with a maximum overlap of 25%. As shown in Figure 6, these 12 IMRs include 4 orthogonal IMRs and 4 groups of 2 orthogonal IMRs each. The overhead consumed by IMR Type B&C is 16 REs/PRB. Therefore IMR Type B&C can provide a choice to the network in terms of overhead and the need for exactly orthogonal IMRs.
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Figure 5: CoMP (HetNet) with 4 pico eNBs in a macro cell-area
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Figure 6: Shows the mutual relation among 12 IMR configurations with ≦ 25% overlap (from Table 2).
Table 2: The maximum number of IMR configurations within a single Rel-10 ZP CSI-RS ResourceConfig with a certain mutual overlap and with an overhead of 16 REs/PRB
	IMR Design Options
	Rel-10 overhead = 16 REs/PRB in a single Rel-10 ZP CSI-RS ResourceConfig 
Number of available IMR configurations with a certain mutual overlap 

	
	0 (orthogonal, 

no overlap)
	≦0.25 (1.25dB) 

Overlap
	≦0.375 (2dB)

overlap
	≦0.5 (3dB)

overlap


	IMR Type A
	4
	4
	4
	4

	IMR Type B
	4 
	12*
	12
	100

	IMR Type C
	4
	12
	20
	TBD


* Figure 6 illustrates the mutual relation among these 12 IMR configurations
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Conclusions
Based on the discussion above we have the following observations:

· Introducing IMR with partial overlap can significantly increase the number of IMR configurations that:

· Can provide multiple groups of mutually orthogonal IMR configurations with some overlap between the groups
· Can provide large groups of IMR configurations with small overlap (<25%)
· Can dramatically increase deployment flexibility for the network that is much needed for dense and evolving HetNets
· Can provide a handle to the network for balancing overhead and orthogonality specially for IMR-hungry CoMP deployments
· Hopping within a PRB can provide most of the benefits for partially overlapping IMRs
· It is beneficial to consider PDSCH for Rel-11 UEs rate-matched around hopping IMRs 
Proposal: Consider introducing IMR configurations with partial overlap.
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Appendix

Table 3: The maximum number of IMR configurations within a single Rel-10 ZP CSI-RS ResourceConfig with a certain mutual overlap and with an overhead of 8 REs/PRB
	IMR Design Options
	Rel-10 overhead = 8 REs/PRB in a single Rel-10 ZP CSI-RS ResourceConfig 
Number of available IMR configurations with certain mutual overlap 

	
	0 (orthogonal, 

no overlap)
	≦0.25 (1.25dB) 

overlap
	≦0.375 (2dB)

Overlap
	≦0.5 (3dB)

overlap

	IMR Type A
	2
	2
	2
	2

	IMR Type B
	2 
	2
	2
	12

	IMR Type C
	2
	2
	2
	24


Table 4: The maximum number of IMR configurations within a single Rel-10 ZP CSI-RS ResourceConfig with a certain mutual overlap and with an overhead of 12 REs/PRB
	IMR Design Options
	Rel-10 overhead = 12 REs/PRB in a single Rel-10 ZP CSI-RS ResourceConfig 
Number of available IMR configurations with certain mutual overlap 

	
	0 (orthogonal, 

no overlap)
	≦0.25 (1.25dB) 

overlap
	≦0.375 (2dB)

overlap
	≦0.5 (3dB)

overlap

	IMR Type A
	3
	3
	3
	3

	IMR Type B
	2 
	6
	6
	30

	IMR Type C
	2
	6
	10
	50
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