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1. Introduction

At RAN1 #62bis, some decisions on CSI-RS were made [1], including number of CSI-RS ports, power parameter for CSI feedback, downlink CSI-RS EPRE assumption, signaling on CSI-RS ports and CSI-RS configurations, etc. However, some open issues still need to be discussed in RAN1 #63:
· Support of multiple of 4 msec duty cycle considering the UL HARQ timing in HetNet operation for FDD
· How to handle/avoid collision between CSI RS and BCH/PSS/SSS/Paging/SIB, etc considering both FDD and TDD
· Whether to allow CSI RS on almost blank subframes
Some agreements on almost blank subframe (ABS) in HetNet were also made at RAN1 #62bis [2], where CSI-RS considerations were also taken.

· A bitmap pattern is used to indicate Almost Blank Subframe (ABS) pattern of Macro cell to Pico cell

· Pattern period: 

· FDD – 40ms

· TDD – 20ms for configuration 1~5, 70 ms for configuration 0, 60ms for configuration 6

· UEs can assume the following:

· All ABSs carry CRS

· If PSS/SSS/PBCH/SIB1/Paging/PRS coincide with an ABS, they are transmitted in the ABS (with associated PDCCH when they SIB1/Paging is transmitted)

· Needed for legacy support

· CSI-RS transmission on ABS is FFS

· No other signals are transmitted in ABSs

· If ABS coincides with MBSFN subframe not carrying any signal in data region, CRS is not present in data region 

Currently, CSI-RS periodicity of {5ms, 10ms, 20ms, 40ms, 80ms} is supported and CSI-RS collision with PSS/SSS/ PBCH/SIBs/paging needs to be handled for both FS1 and FS2. Some discussions on this topic can be found in contributions from last meeting [3-7]. In this contribution, we will present our views on avoiding such collisions and CSI-RS transmission in HetNet scenarios.  
2. Discussion on collision avoidance
2.1. Collision issues

According to the agreed CSI-RS patterns, with certain CSI-RS duty cycle and subframe offset, CSI-RS is inevitably colliding with system information and signals, such as PSS/SSS/PBCH/SIBs/paging. Their locations in a radio frame are illustrated in Figure 1 for both FS1 and FS2.
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Figure 1
Location of PSS/SSS/PBCH/SIBs/paging in a radio frame
The following should be noted:

· PSS/SSS is located in subframes 0/5 in FS1 or subframes 0/1/5/6 in FS2 per radio frame

· PBCH is located in subframe 0 with OFDM symbols 7/8/9/10 per radio frame

· SIB1 is located in subframe 5 only with 20ms periodicity

· SIBx (x>1) can be located in any downlink subframe depending on actual scheduling within configured transmission windows signaled as part of SIB1
· Paging transmissions can occur in subframes {9}/{4,9}/{0,4,5,9} in FS1 or subframes {0}/{0,5}/{0,1,5,6} in FS2 when paging occasion (PO) is 1, 2 and 4, respectively, per radio frame. Paging can also be configured by the system to occur more seldom than every radio frame.
In order not to result in puncturing loss for Rel-8/9 UEs and also keep same procedure for Rel-10 UEs upon detection of PSS/SSS/PBCH/SIBs/paging, CSI-RS collision with these system information and signals should be avoided in both FS1 and FS2. In addition, applying same design principle for both FS1 and FS2 is preferred to lower implementation complexity. 

 Observation:
· CSI-RS collision with PSS/SSS/PBCH/SIBs and paging transmission should be avoided in both FS1 and FS2
· Same design principle to avoid collision for both FS1 and FS2 is preferred

2.2. Collision avoidance

Some candidate solutions are presented for further analysis and comparison:
· Solution-1: Not transmit CSI-RS in middle 6 PRBs when collision with PSS/SSS/PBCH occurs
· This solution can maintain the CSI RS reuse factor and could be common to FS1 and FS2, but some cases are still not efficiently handled, such as collision with paging/SIBs (where data in PDSCH area is dynamically scheduled), CSI-RS channel estimator (e.g. particular design on edges of the 6 PRBs), impact on PDSCH muting and possibly no CSI-RS in 1.4MHz system, etc.
· Solution-2: Move CSI-RS into DwPTS in FS2
· In principle, more downlink subframes are available for CSI-RS in FS1 than those in FS2. In FS2, moving CSI-RS into DwPTS as a solution can be common to different DL/UL allocation, but different DwPTS length imposes large design complexity while DM-RS pattern designed for DwPTS could be incompatible with CSI-RS pattern since multiple DM-RS patterns are designed in DwPTS in case of normal CP, which could call for re-design of CSI-RS in DwPTS.
· Solution-3: Completely avoid CSI-RS in subframes with PSS/SSS/PBCH/SIBs/paging
· It’s relatively simple in FS1 to avoid collision due to available downlink subframes. However in FS2, the solution is a bit problematic for some FS2 configurations since some configurations of CSI-RS duty cycle and subframe offset are not valid in terms of DL/UL allocation, for example leading to a minimal CSI-RS duty cycle for configuration 0 of 20ms. CSI-RS occasions might in this case be too sparse and thus risks loosing benefit from channel measurement and update in a quick manner. 
· Solution-4: Schedule CSI-RS in any downlink subframe with specific collision avoidance
· The basic principle in this solution is to avoid transmitting CSI RS if the CSI RS REs collide with the REs used for PSS/SSS/PBCH/SIBs/Paging. This solution can be applied to both FS1 and FS2 and, unlike solution-3, maintains the possibility of using the subset of the available CSI-RS patterns that do not collide with PSS/SSS/PBCH. One example shown in Figure 2 indicates how some CSI RS patterns can still be used in FS1 and FS2, respectively. Hence, this solution helps in minimizing the CSI-RS duty cycle. 
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Figure 2
Available CSI-RS for both compatible and additional pattern

Comparing with above four candidate solutions, we tend to prefer solution-4 as the design principle to avoid collision in both FS1 and FS2 since in principle all CSI-RS duty cycle of {5ms, 10ms, 20ms, 40ms, 80ms} can be configured. This provides enough flexibility in both FS1 and FS2. In addition for simplicity as explained previously, CSI-RS should be transmitted in full band and CSI-RS is not supported in DwPTS in FS2. 
Proposal

· Specifications should target solution-4

· A UE shall assume that the CSI-RS transmission in a subframe is performed full band

· A UE shall assume no CSI-RS is transmitted in DwPTS in FS2
2.2.1 Specification of Solution-4
From a standardization point of view, the UE behavior should be specified. The UE behavior for solution-4 is now discussed. 

In general, a UE should base the CSI feedback on CSI RS that has not been assumed to be dropped. The subframes in which PSS/SSS/PBCH/SIB1 are transmitted are all well-defined and do not change on a dynamic basis. Hence, for those subframes, the UE shall assume that a colliding CSI RS is always dropped. 

Proposal

· CSI RS measurements are only based on CSI-RS transmissions assumed to be present by the UE

· A UE shall assume that no CSI-RS is transmitted in a subframe where the CSI-RS REs otherwise would collide with REs of PSS/SSS/PBCH/SIB1

The paging is scheduled within a set of potential paging subframes configured by the system and known to the UE. It makes sense to let the UE assume that CSI RS is always dropped in those potential paging subframes since they are well-defined and do not change dynamically. 

Proposal

· A UE shall assume that no CSI-RS is transmitted in potential paging subframes, i.e., subframes which are semi-statically configured for paging by the system
Finally, the subframes in which SIBx, x > 1 may be scheduled in are so flexible so it would not be feasible to always drop CSI RS for all semis-statically configured subframes. On the other hand, the eNodeB is unlikely to actually transmit CSI RS colliding with a SIBx and it may be asking too much to force the UE to be able to accurately estimate the channel in case the eNodeB would anyway do. The natural solution to this dilemma is to let the UE estimate the channel as it would in a subframe surely free of collisions (which it the correct assumption unless a SIBx would be scheduled) and if a scheduled SIBx actually collides with CSI RS, the UE is allowed to report feedback with degraded accuracy.

Proposal:
· No UE performance requirements specified for the case of CSI-RS colliding with SIBx, x > 1
3. Discussion on CSI-RS for HetNet
PDSCH muting can be applied in HetNet scenarios to facilitate channel measurements based on CSI-RS. But muting may not be sufficient due to resource element leakage in low geometry operations in case of Macro-Pico situations, where interference across layers is expected to be relatively strong and in case there is leakage between neighboring REs. The use of almost blank subframes (ABS) at the macro layer is enabled typically for cell-edge UEs with low geometry in the pico layer. Hence, one special HetNet solution is to perform CSI-RS transmissions coinciding with ABS. Such a solution would be an alternative to using muting in case muting is not deemed to be a sufficient solution for HetNet.
Proposal:

· If PDSCH muting is deemed not to be sufficient in heterogeneous deployments, CSI-RS transmission occurring only in ABS should be considered as a special HetNet solution for both FS1 and FS2

Observation:

· A common solution for both FS1 and FS2 should be sought
As noted in the WF [2], transmissions of PSS/SSS/PBCH/SIB1/Paging/PRS may coincide with an ABS. One simple solution to avoid such collisions is to adopt similar method as solution-4 proposed in section 2.2.  This, sometimes, could potentially result in too sparse CSI-RS occasions
Observation: 

· One simple solution to avoid collision with PSS/SSS/PBCH/SIBs/Paging is to adopt similar method as proposed in solution-4
We notice different periodicity of ABS is supported for FS1 and FS2 and a bitmap pattern is used to indicate Almost Blank Subframe (ABS) pattern of Macro cell to Pico cell. An alternative to periodic CSI-RS transmissions could be non-periodic, i.e. RRC signalling of CSI-RS pattern with certain periodicity. Such a non-periodic mechanism is perhaps needed for FS2 since periodic CSI-RS configuration could be difficult to apply to all FS2 configurations. A non-periodic signalling solution could then be inherited for FS1. 
Observation:
· An alternative to periodic CSI-RS transmissions could be non-periodic, i.e. RRC signalling of CSI-RS pattern with certain periodicity
· If periodic CSI-RS transmission is not sufficient in FS2, a common solution with non-periodic CSI-RS transmission for both FS1 and FS2 should be developed
· Note that if support for CSI-RS transmission coinciding with ABS is adopted, multiple of 4 ms duty cycle in FS1 is in principle supported as a special case of common solution
An implication of CSI-RS transmission coinciding with ABS, valid for both periodic and non-periodic CSI-RS transmissions, is that the CSI-RS transmission may need to be re-configured whenever the ABS distribution/pattern is changed at the macro layer. One possible way to avoid re-configurations of CSI-RS transmissions could be to align the CSI-RS with one of the decided subsets of ABS, intended for static configurations of RLM/RRM measurements [2]. 
4. Conclusion
Based on the above discussion and analysis, we make the following observations and proposals:

· A UE shall assume that the CSI-RS transmission in a subframe is performed full band

· A UE shall assume no CSI-RS is transmitted in DwPTS in FS2
· On CSI-RS collision avoidance

· CSI RS measurements are only based on CSI-RS transmissions assumed to be present by the UE

· A UE shall assume that no CSI-RS is transmitted in a subframe where the CSI-RS REs otherwise would collide with REs of PSS/SSS/PBCH/SIB1
· A UE shall assume that no CSI-RS is transmitted in potential paging subframes, i.e., subframes which are semi-statically configured for paging by the system
· No UE performance requirements specified for the case of CSI-RS colliding with SIBx, x > 1

· On CSI-RS transmission in HetNet
· If PDSCH muting is deemed not to be sufficient in heterogeneous deployments, CSI-RS transmission occurring only in ABS should be considered as a special HetNet solution for both FS1 and FS2

· A common solution for both FS1 and FS2 should be sought

· An alternative to periodic CSI-RS transmissions could be non-periodic, i.e. RRC signalling of CSI-RS pattern with certain periodicity
· If periodic CSI-RS transmission is not sufficient in FS2, a common solution with non-periodic CSI-RS transmission for both FS1 and FS2 should be developed

· Note that if support for CSI-RS transmission coinciding with ABS is adopted, multiple of 4 ms duty cycle in FS1 is in principle supported as a special case of common solution
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