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1. Introduction

At the RAN1#62bis meeting, signaling support for the CSI-RS was discussed and PDSCH muting was agreed upon. In this contribution, we present our views regarding the following remaining aspects of CSI-RS signaling. 

· Support of multiple 4-msec duty cycles considering the UL HARQ timing in HetNet operation for FDD
· How to handle/avoid collision between CSI-RS and SS/MIB/SIB-1/Paging, etc. considering both FDD and TDD
· Whether or not to allow CSI-RS on almost blank subframes
2. Necessity of Additional CSI-RS Duty Cycle
2.1. Basic Time Domain ICIC and CSI Estimation
At the RAN1#62 meeting, support of time-domain inter-cell interference coordination (ICIC) was agreed upon. For a Macro-Pico scenario, bitmap signaling is used to indicate an almost blank subframe (ABS) pattern used from a macro-cell to pico-cell. When time-domain ICIC is applied, non-uniform CSI-RS quality among subframes occurs for the pico-UE as illustrated in Fig. 1. For pico-UEs closer to the pico-cell edge, only the CSI of suframes protected by macro-ABS would be useful considering the pico-eNB scheduling of these UEs. Meanwhile, for pico-UEs closer to the center of the pico-cell, CSI of both protected and non-protected subframes would be useful. We believe that the pico-eNB should obtain an accurate CSI for at least protected subframes with a reasonable duty cycle, but it might be further beneficial if the pico-eNB obtains the CSI for both protected and non-protected subframes. To achieve such a goal, CSI estimation must be restricted in certain resources, as discussed in eICIC. We assume in the following sections that a UE estimates the CSI either by averaging within a single subframe or by averaging over restricted subframes.
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Figure 1 – Time domain ICIC and CSI estimation
2.2. ABS Patterns for Time Domain ICIC
At the RAN1 #62bis meeting, an agreement was reached on the bitmap pattern period for a Macro-Pico scenario of 40 msec in FDD, and 20 ms for configurations 1~5, 70 ms for configuration 0, and 60 ms for configuration 6 in TDD. Patterns are semi-statically updated, i.e., not faster than the existing Rel. 8/9 X2 RNTP signals, and one bitmap indicates the subframes that are ABSs. A second bitmap indicates a subset of the subframes indicated by the first bitmap, which are recommended to the receiving node for restricted RLM/RRM measurements. Figure 2(a) shows a basic example of ABS pattern (ABS pattern #0), which protects SS/MIB/SIB-1 for the pico-cell. This pattern protects a 10-msec cycle for SS/MIB, 20-msec cycle for SIB-1, and a two-subframe shift is applied to the pico-cell. Note that SS at subframe #5 at an odd subframe can be avoided by scheduling. Figure 2(b) shows a basic example of the ABS pattern (ABS pattern #1) that protects SS/MIB/SIB-1 and one 8-msec cycle of UL HARQ. This pattern protects SS/MIB/SIB-1 for the pico-cell in the same way as ABS pattern #0 and one 8-msec cycle of UL HARQ operation in HetNet operation for FDD at both the pico and macro-cells. In the following, we assume ABS pattern #1 for the macro-cell to investigate the CSI-RS duty cycle.
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(a) Pattern #0 - protection of SS/MIB/SIB-1
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(b) Pattern #1 - protection of SS/MIB/SIB-1 and one 8-mesc cycle of UL HARQ

Figure 2 – Examples of ABS pattern for macro-pico ICIC scenario
2.3. Necessity of Multiple 4-msec CSI-RS Duty Cycles for FDD
In this section, we investigate the necessity of multiple 4-msec CSI-RS duty cycles considering the UL HARQ timing in HetNet operation for FDD. Considering a 10-msec baseline duty cycle for the CSI-RS, 8 msec would be a good candidate to investigate. The following 5 scenarios are examined to clarify the need of an 8-msec CSI-RS duty cycle. 
· Alt. 1: Macro-cell 10 msec, Pico-cell 10 msec
· Alt.1-1: CSI-RS on ABS
· Alt.1-2: CSI-RS on normal subframe
· Alt. 2: Macro-cell 8 msec, Pico-cell 8 msec
· Alt. 3: Macro-cell 8 msec, Pico-cell 10 msec
· Alt. 4: Macro-cell 10 msec, Pico-cell 8 msec
We analyze these alternatives from the viewpoint of the CSI estimation at the pico-UE and the CSI-RS collision with MIB/SIB-1/Paging.
· Alt. 1-1: Macro-cell 10 msec, Pico-cell 10 msec with CSI-RS on ABS

Both macro- and pico-cells use 10-msec duty cycles and the CSI-RS is transmitted in the ABS in the macro-cell as shown in Fig. 3. PDSCH muting is applied to the pico-cell to protect the pico-PDSCH.

· CSI estimation at pico UE
In order to compute the CSI for the protected subframes, the CSI measurement is restricted over the CSI-RS subframes all of which coincide with the ABS in the macro-cell. Thus, “signal” and “interference” parts are estimated on the same subframe for the CSI of the protected subframe. If the CSI of a non-protected subframe is needed, the UE must measure the interference on subframes other than CSI-RS subframes that coincide with the normal subframe in the macro-cell. 
· Collision of CSI-RS and MIB/SIB-1/Paging
Although there is no collision in the macro-cell, the CSI-RS in the pico-cell always collides with MIB, which would significantly affect the pico-UE reception of the MIB.
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Figure 3 – Alt. 1-1: Macro-cell 10 msec, Pico-cell 10 msec with CSI-RS on ABS
· Alt. 1-2: Macro-cell 10 msec, Pico-cell 10 msec with CSI-RS on normal subframe
Both macro- and pico-cells use a 10-msec duty cycle and the CSI-RS is transmitted on the normal subframe in the macro-cell as shown in Fig. 4. PDSCH muting is applied in the macro-cell such that the pico-cell can receive its own CSI-RS (Note that PDSCH muting can also be applied to the pico-cell to protect macro-PDSCH from a future proofing viewpoint, i.e., CoMP operation with a Macro-Pico scenario).
· CSI estimation at pico UE

In order to compute the CSI for the protected subframes, the UE must measure interference typically either from (1) CSI-RS resource elements (REs) on the CSI-RS subframes, or (2) CRS REs on subframes other than CSI-RS subframes that coincide with the ABS for the macro-cell. The latter would be a more reasonable assumption since the RAN1 simulation assumption is to use CRS for interference estimation [1]. Note that as shown in the bottom of the Fig. 4, interference measured in the CRS REs on the CSI-RS subframe will not represent the CSI of the protected subframe. Thus, the UE needs to measure “signal” and “interference” parts on difference subframes to estimate the CSI for the protected subframes. On the other hand, the CSI of the non-protected subframe, if needed, is obtained by measuring the interference on the CSI-RS subframes. 
· Collision of CSI-RS and MIB/SIB-1/Paging
There is no collision either in the macro- or pico-cell.
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Figure 4 – Alt. 1-2: Macro-cell 10 msec, Pico-cell 10 msec with CSI-RS on normal subframe
· Alt. 2: Macro-cell 8 msec, Pico-cell 8 msec with CSI-RS on ABS

Both macro- and pico-cells use an 8-msec duty cycle and the CSI-RS is transmitted on the ABS in the macro-cell as shown in Fig. 5. PDSCH muting is applied in the macro-cell such that the pico-cell can receive its own CSI-RS.
· CSI estimation at pico UE
In order to compute the CSI for the protected subframes, the CSI measurement is restricted over CSI-RS subframes all of which coincide with the ABS in the macro-cell. Thus, “signal” and “interference” parts are estimated on the same subframe for the CSI of the protected subframe. If the CSI of a non-protected subframe is needed, the UE must measure the interference on subframes other than the CSI-RS subframes that coincide with the normal subframe in the macro-cell.
· Collision of CSI-RS and MIB/SIB-1/Paging
The CSI-RSs both in the macro- and pico-cells partially collide with MIB/SIB-1/Paging. If even-subframe offsets are applied to the CSI-RS, the CSI-RS will collide with the MIB (0-th subframe) and paging (0-th and 4-th subframes), while if odd-subframe offsets are applied to the CSI-RS, the CSI-RS will collide with SIB-1 (5-th subframe) and paging (5-th and 9-th subframes).
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Figure 5 – Alt. 2: Macro-cell 8 msec, Pico-cell 8 msec with CSI-RS on ABS
· Alt. 3: Macro-cell 8 msec, Pico-cell 10 msec
In this alternative, 8-mesc and 10-msec duty cycles are applied to the macro- and pico-cells, respectively, i.e., the CSI-RS is transmitted in the normal subframe and ABS for the macro-cell as shown in Fig. 6. (Note that PDSCH muting may not be applied to macro- and pico-cells because of the non-integer multiple relation of the CSI-RS duty cycle based on the agreement in the RAN1#62bis meeting.)
· CSI estimation at pico UE

If CSI estimation is restricted with a single subframe, the pico-UE can estimate the CSI of both protected and non-protected subframes using a single CSI feedback configuration where the network can distinguish protected and non-protected subframes depending on the CSI-RS feedback instance from the pico-UE. However, the effective duty cycle of the CSI feedback for the protected subframes becomes longer (Four times in the example shown in Fig. 6). In addition, CSI accuracy may be degraded since CSI averaging is not allowed over multiple subframes. Even if muting at the macro-cell is allowed, it would instead require an interference estimation mechanism similar to that in Alt.1-2.

· Collision of CSI-RS and MIB/SIB-1/Paging
The CSI-RS in the macro-cell partially collides with MIB/SIB-1/Paging as explained in the Alt. 2 case. For the pico-cell, there is no collision.
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Figure 6 – Alt. 3: Macro-cell 8 msec, Pico-cell 10 msec
· Alt. 4: Macro-cell 10 msec, Pico-cell 8 msec
The macro-cell uses a 10-msec duty cycle, the CSI-RS is transmitted in the normal subframe, and the pico-cell uses an 8-msec duty cycle such that its CSI-RS coincides with the ABS in the macro-cell as shown in Fig. 7 (Note that PDSCH muting may not be applied to macro- and pico-cells because of the non-integer multiple relation of the CSI-RS duty cycle based on the agreement in the RAN1#62bis meeting).
· CSI estimation at pico UE

In order to compute CSI for protected subframes, CSI measurement is restricted over CSI-RS subframes all of which coincide with the ABS in the macro-cell. Thus, “signal” and “interference” parts are estimated on the same subframe for the CSI for the protected subframes. If the CSI of a non-protected subframe is needed, the UE must measure the interference on subframes other than the CSI-RS subframes that coincide with the normal subframe in the macro-cell.

· Collision of CSI-RS and SS/MIB/SIB-1/Paging
The CSI-RS in the pico-cell partially collides with MIB and paging as described in Alt. 2. For the macro-cell, there is no collision.
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Figure 7 – Alt. 4: Macro-cell 10 msec, Pico-cell 8 msec
Based on the analysis above, the following two cases could be considered in general.
Case 1: If the macro-eNodeB is capable of PDSCH muting-
· A 10-msec duty cycle is used in both the macro- and the pico- cells. 
· CSI-RS collision with MIB/SIB-1/Paging can be avoided.
· PDSCH muting is applied in the macro-cell. 
· In order to measure the CSI of the protected subframes, interference should be estimated in the restricted subframes, which are different from the CSI-RS subframes.

Case 2: If the macro-eNodeB is not capable of PDSCH muting-
· An 8-msec duty cycle is used in either or both of the macro and pico-cells
· CSI-RS collision with MIB/SIB-1/Paging cannot be avoided.
· In order to measure the CSI of the protected subframes, interference should be estimated in the restricted subframes, which could be the same as the CSI-RS subframes.

From the network operator perspective, it is desirable to cope with the two cases above. Towards this goal, the following proposals to the specifications are made.
Proposals
· UE measures the interference in the restricted subframes, which can be different from CSI-RS subframes.

· An 8-msec duty cycle is introduced using an appropriate collision avoidance mechanism.
3. Collision Between CSI-RS and SS/MIB/SIB-1/Paging
Considering a multiple of a 4-msec duty cycle in HetNet operation for FDD, how to handle/avoid collision between the CSI-RS and SS/MIB/SIB-1/Paging is one of the remaining issues for the CSI-RS signaling. In addition, considering configurations #0 and #6 in TDD, collision between the CSI-RS and SIB-1 occurs even with a 5 msec duty cycle [2]. Therefore, irrespective of the need for a multiple of a 4 msec duty cycle in FDD, we should consider this collision issue for both FDD and TDD.
To address the collision between the CSI-RS and SS/MIB/SIB-1, the following alternatives are given [3].
· Alt. 1: UE may assume that the CSI-RS always exists, i.e., no specification support. 
· Alt. 2: UE shall assume that the CSI-RS is not transmitted when the configured CSI-RS or muted RE collides with REs of SS/MIB/SIB-1/Paging. The following variants are considered.
· Alt. 2a: UE shall assume that the CSI-RS is not transmitted in the subframe where the configured CSI-RS or muted RE collides with a RE of SS/MIB/SIB-1/Paging.

· Alt. 2b: UE shall assume that the CSI-RS is not transmitted in the center 6RBs in subframe #0 on which the configured CSI-RS or muted RE collides with RE of SS/MIB, and the CSI-RS is not transmitted in the subframes on which SIB-1/Paging is transmitted.
· Alt. 2c: UE shall assume that the CSI-RS is not transmitted in the center 6RBs in subframes #0 and #5 on which the configured CSI-RS or muted RE collides with a RE of SS/MIB, and the UE shall assume that the CSI-RS is not transmitted on the RBs of the subframe in which the configured CSI-RS or muted RE collides with a RE of SIB-1/Paging that are scheduled on the predefined RBs known to the UE.
We prefer Alt. 2 since Alt. 1 is too restrictive. Alt. 2a would be simple, but would cause the sparsest CSI-RS, which affects channel estimation accuracy most significantly. We have a slight preference toward Alt. 2b since it achieves a higher level of channel estimation accuracy, although it may increase the UE implementation. Alt. 2c would minimize the CSI-RS glitch, but a scheduling restriction is imposed on SIB-1/Paging. 

From the operator perspective, protecting the paging channel is important. An alternative solution for paging protection might be for the network to reduce the number of paging frames to reduce the collision probability with the CSI-RS. However, such an approach would make the “waiting-time” longer resulting in unfavourable network performance. Furthermore, legacy UEs may be affected if the UE is not tested with different paging parameters.
Table I gives collision examples with SS/MIB/SIB-1/Paging assuming an 8-msec duty cycle in FDD. The table shows that for any subframe offset, 40% of the subframe will be affected by the CSI-RS. One possibility to reduce the number of affected subframes is to take special care of paging. Paging is not always transmitted in all of the 0-th, 4-th, 5-th, and 9-th subframes. Paging is transmitted only in the 9-th subframe if the network is not crowded [4]. In such a case, the table shows that the number of affected subframes would be reduced from 40% to 20% when even-subframe offsets are used. Thus, UE shall assume that CSI-RS is not transmitted on the subframe(s) on which paging is actually configured. Towards this goal, the following two alternatives are considered.
· Alt. 1: UE shall assume that the CSI-RS is not transmitted in the paging subframe indicated by SIB-2.

· Alt. 2: eNodeB signals the UE using a higher layer regarding which paging subframes the UE shall assume that the CSI-RS is not transmitted. 
In Alt. 1, if the paging configuration is changed, there would be an ambiguous period, in which the UE would measure a subframe without the CSI-RS as shown in the Appendix. Alt. 2 will not cause the ambiguity problem, and the measurement restriction mechanism for time domain ICIC might be reused to realize Alt. 2.
Table I – Collision with SS/MIB/SIB-1/Paging
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Based on the analysis above, the following proposals are made.

Proposals
· UE shall assume that the CSI-RS is not transmitted in the center 6RBs in subframe #0 on which the configured CSI-RS collides with a RE of SS/MIB, and the CSI-RS is not transmitted in the subframes on which SIB-1 is transmitted.
· UE shall assume that CSI-RS is not transmitted on the subframe(s) on which paging is actually configured. 
4. Conclusion

In this contribution, we presented our views regarding the remaining aspects of CSI-RS signaling mainly focusing on the necessity of an 8-msec CSI-RS duty cycle considering the UL HARQ timing in HetNet operation for FDD and the collision avoidance/handling of the CSI-RS and SS/MIB/SIB-1/Paging.
Regarding the necessity of an 8-msec CSI-RS duty cycle, the following two cases are considered in general.

Case 1: If the macro-eNodeB is capable of PDSCH muting,

· A 10-msec duty cycle is used in both the macro- and the pico-cells. 
· CSI-RS collision with MIB/SIB-1/Paging can be avoided.
· PDSCH muting is applied in the macro-cell. 

· In order to measure the CSI of the protected subframes, interference should be estimated in the restricted subframes which are different from CSI-RS subframes.

Case 2: If the macro-eNodeB is not capable of PDSCH muting, 

· An 8-msec duty cycle is used in either or both of the macro and pico-cells

· CSI-RS collision with MIB/SIB-1/Paging cannot be avoided.

· In order to measure the CSI of the protected subframes, interference should be estimated in the restricted subframe, which could be the same as the CSI-RS subframes.

From the network operator perspective, it is desirable to cope with the two cases above. Towards this goal, the following proposals on the specifications are made.

Proposals
· UE measures the interference in the restricted subframes, which can be different from CSI-RS subframes.

· An 8-msec duty cycle is introduced using an appropriate collision avoidance mechanism.

Regarding the collision handling/avoidance of CSI-RS and SS/MIB/SIB-1/Paging, the following proposals are made.

Proposals
· UE shall assume that the CSI-RS is not transmitted in the center 6RBs in subframe #0 on which the configured CSI-RS collides with a RE of SS/MIB, and the CSI-RS is not transmitted in the subframes on which SIB-1 is transmitted.
· UE shall assume that CSI-RS is not transmitted on the subframe(s) on which paging is actually configured.
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Figure A1. Paging configuration and CSI measurement
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