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1 Introduction

The agreements for interference measurement resource from the RAN1 #70 meeting are:
· IMR granularity (assuming that hopping is not configured):

· 4 REs/PRB

· 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.

In order to simplify the network planning, IMR hopping and partial overlapping were also discussed [1]

 REF _Ref335382996 \r \h 
[2]. This contribution discusses these aspects and whether they are supported and how IMR hopping for IMR collision randomization could be designed and configured if supported.

2 Analysis on IMRs configuration
2.1 Configuration of IMR without hopping

First, if IMR hopping is not utilized, the 4 RE Rel-10 CSI-RS pattern is used for one IMR; thus, the number of IMR configurations depends on the period of the IMR (e.g., 5/10/20/40/80 ms). A large period (80 ms) offers (40/4)×80×(6/10)=480 IMRs as shown in Figure 1 REF _Ref335639529 \h 
, where just 6 subframes per frame are assumed available due to paging. This number of available IMRs would be sufficient in most scenarios for accurate interference measurements. 
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Figure 1. IMR configuration without hopping

The IMR can be reused over a large distance, where the points or point sets that reuse the IMR will contribute very small amount of interference to each other. However, the configuration of IMRs should nevertheless still be planned efficiently to avoid persistent IMR collisions. 
Observation: Even if no IMR hopping is configured, the number of available IMRs would be sufficient in most scenarios for accurate interference measurement, although the configuration of IMRs should nevertheless still be planned efficiently to avoid persistent IMR collisions.
2.2 Orthogonality of IMRs
The analysis in [3] concluded that if IMRs configured to one UE are not orthogonal to each other, the interference measured on the overlapped REs and non-overlapped REs of the same IMR will be inconsistent. Thus, either of the REs will not be consistent with the hypothesis corresponding to the IMR. Obviously, this will decrease the interference measurement accuracy and result into performance loss. Additionally, if IMR for DPB and IMR for DPS are partially overlapped, it is ambiguous whether the overlapped REs are muted, as shown in Figure 2 REF _Ref335656885 \h 
. This means that IMR orthogonality is needed for accurate interference measurement, and partial overlapping of IMRs should not be supported.
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Figure 2. Example of IMR orthogonality

Proposal 1: partial overlapping of IMRs configured to one UE is not supported, so IMRs configured to one UE should be orthogonal to each other in all subframes and PRBs.

2.3 Configuration of IMR with hopping

To simplify network planning, IMR hopping is considered as one way to maximize the number of possible IMR configurations. As discussed in Section 2.2, it is critical for the measurement accuracy that if IMR hopping is introduced, the IMRs configured for one UE should remain orthogonal in any subframe. Additionally, if IMR hopping is introduced, it will also incur signalling overhead and more UE complexity. It may lead to increased ZP CSI-RS overhead since IMRs could potentially occupy 40 REs/PRB across time, even if the number of occupied REs is limited in any given subframe, as shown in Figure 3, where p is the subframe period of the configured IMR. Therefore, if IMR hopping is supported, it should be configurable, at least to provide an alternative to the case with increased overhead and UE complexity.
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Figure 3. Example for overhead with IMR hopping

Proposal 2: if IMR hopping is supported, it should be configurable and the IMRs configured for one UE should remain orthogonal to each other in any subframe. The increased complexity and overhead of IMR hopping should be considered in addition to interference measurement accuracy/performance.
Random hopping of IMR was discussed in [1]. However random hopping may not guarantee orthogonality of IMR in every subframe, which is the most important point for accurate interference measurement. One way to ensure both orthogonal IMRs for one UE and IMR hopping is to define IMR set hopping, where the IMRs in one set are orthogonal with each other and the IMRs configured for one UE belong to one IMR set. The IMRs in one set will hop simultaneously if hopping is configured, as shown in Figure 4 REF _Ref335658692 \h 
. 
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Figure 4. Example of IMR set hopping.
Proposal 3: if IMR hopping is supported, IMR set hopping can be defined to guarantee the orthogonality of IMRs configured to the same UE. All IMRs that belong to the same set are orthogonal.
It was proposed in [2] that an IMR uses 4 random REs within a group of 8 REs in order to provide IMR collision randomization. For each IMR, IMR hopping within two 4 RE CSI-RS patterns can be considered, and IMR hopping is independent from the RE group configuration. For one UE, if 2 IMRs are configured with hopping, these 2 IMRs are always associated to the same IMR set. The resource of one IMR can be 4 REs selected from two 4RE CSI-RS patterns, and these two IMRs can be configured by two different bit pairs in the 16bit of Rel-10 ZP CSI-RS configuration, as shown in Figure 5(a), where one RE group includes the REs in two 4RE CSI-RS patterns. Obviously the two IMRs with hopping will always be orthogonal to each other. Both the initial resource index and the hopping pattern of these 2 IMRs could be the same or different. Another way is that the two IMRs can be configured by one bit pair in the 16bit of Rel-10 ZP CSI-RS configuration. Thus the two IMRs should always occupy different RE sets among the 8 REs to guarantee the orthogonality of these 2 IMRs, as shown in Figure 5(b).
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a) Two IMRs are configured with different bit pair in ZP CSI-RS configuration
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(b) Two IMRs are configured with one bit pair in ZP CSI-RS configuration

Figure 5. Configuration of IMR with hopping
Since the 4 REs for one IMR can be selected from two 4-RE CSI-RS patterns, at most 
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 REs set can be defined. To limit the implementation complexity, a limited number of RE sets can be selected from the 70 RE sets for candidate resources of IMR hopping, e.g., 2, 4 or 6 RE sets can be used as shown in Figure 6. The hopping pattern can be the sequence of these selected RE sets. Assuming N RE sets are selected as candidate resources of IMR hopping and 5ms IMR period is used, then at most 45×5×N IMR configurations can be achieved, where 
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 is the number of different combinations of two 4-RE CSI-RS patterns in one subframe. To generate more than 504 IMR, N should be more than 3, e.g. N=4 or N=6 as shown in Figure 6.
Note that RE sets within the same RE group are orthogonal two-by-two. For example in Figure 6 with N=6, there are 3 pairs of orthogonal RE sets: {0,3}, {1,4}, {2,5}. The labeling of RE sets is such that two orthogonal RE sets can be conveniently related by an offset with a modulo operation, such that 
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are the indices of two orthogonal RE sets, and N is even.
To support IMR set hopping, one hopping pattern can be used for all the IMRs in the same IMR set, thus one common hopping parameter can be used for all the IMRs configured to one UE. Similar as other hopping patterns in Rel-8~10, the hopping pattern can be designed as 
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where N is the number of candidate RE sets selected from two 4-RE CSI-RS patterns for IMR hopping, and N=4 or N=6, 
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 is the slot number, the pseudo-random sequence 
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 is defined by section 7.2 in [4]. The pseudo-random sequence generator shall be initialized with 
[image: image17.wmf]init

c

 at the start of the system frame when SFN=0, where 
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 is a value from [0~503].
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Figure 6. Example of IMR hopping within 2 RE sets (a), 4 RE sets (b) and 6 RE sets (c)

Proposal 4: To support IMR collision randomization, one IMR hopping pattern can be configured for a UE. The hopping pattern within a group of 8 REs is given by:
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· where N is the number of candidate RE sets selected from two 4-RE CSI-RS patterns for IMR hopping  (FFS N=4 or N=6), 
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 is the slot number, the pseudo-random sequence 
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 is defined by section 7.2 in TS36.211, and u is the index of the RE set within a group of 8 REs.
· The pseudo-random sequence generator shall be initialized with 
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 at the start of the system frame when SFN=0, where 
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 is a value from [0~503] signaled to the UE by higher layers.
· Each IMR is associated with one bit pair that corresponds to 8 REs in ZP CSI-RS configuration.
If different bit pairs in ZP CSI-RS configuration can be used to indicate IMRs for one UE, obviously the IMRs for one UE will always be orthogonal to each other based on this type of hopping. While if two IMRs configured to the same UE are associated to the same two 4 RE CSI-RS pattern, these two IMRs will be an IMR pair. To guarantee the orthogonality of these IMRs, considering the RE sets in Figure 6, one IMR in this pair can use 
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 as the hopping pattern and the other IMR can use 
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 as the hopping pattern, according to the RE set numbering shown in Figure 6.
Proposal 5: 
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 are used if two IMRs are configured to the UE with the same bit pair in ZP CSI-RS configuration, with the RE set numbering shown in Figure 6.
3 Conclusions

In this paper, an analysis is provided for IMR collision randomization. If IMRs are configured without hopping, it was observed that:

Observation: Even if no IMR hopping is configured, the number of available IMRs would be sufficient in most scenarios for accurate interference measurement, although the configuration of IMRs should nevertheless still be planned efficiently to avoid persistent IMR collisions.

If IMR hopping is defined to alleviate IMR collisions, the following is proposed:

Proposal 1: partial overlapping of IMRs configured to one UE is not supported, so IMRs configured to one UE should be orthogonal to each other in all subframes and PRBs.

Proposal 2: if IMR hopping is supported, it should be configurable and the IMRs configured for one UE should remain orthogonal to each other in any subframe. The increased complexity and overhead of IMR hopping should be considered in addition to interference measurement accuracy/performance.

Proposal 3: if IMR hopping is supported, IMR set hopping can be defined to guarantee the orthogonality of IMRs configured to the same UE. All IMRs that belong to the same set are orthogonal.
Proposal 4: To support IMR collision randomization, one IMR hopping pattern can be configured for a UE. The hopping pattern within a group of 8 REs is given by:
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· where N is the number of candidate RE sets selected from two 4-RE CSI-RS patterns for IMR hopping  (FFS N=4 or N=6), 
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 is the slot number, the pseudo-random sequence 
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 is defined by section 7.2 in TS36.211, and u is the index of the RE set within a group of 8 REs. RE sets for N=4 and N=6 are shown in the figure below.
· The pseudo-random sequence generator shall be initialized with 
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 at the start of the system frame when SFN=0, where 
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 is a value from [0~503] signaled to the UE by higher layers.
· Each IMR is associated with one bit pair that corresponds to 8 REs in ZP CSI-RS configuration.
[image: image36.png]REset]  REset2  REset3  REsetd
B [==] [=S] [==]
B [==] == B

(2) 4 RE sets for IMR hopping
RE set 1 RE set 2 RE set 3
B [==] [==]
==) B B
RE set 6 RE set 5 RE set4
[=2] [=S] E=]
B [==] ==]

(b) 6 RE sets for IMR hopping





Proposal 5: 
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 are used if two IMRs are configured to the UE with the same bit pair in ZP CSI-RS configuration, with the RE set numbering shown in the above figure.
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