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1. Introduction
RAN1 #62bis had debate on the use of CSI-RS in transmission mode 9 as captured in the notes below [2]
· On the usage of CSI-RS and CRS for CQI/CSI feedback:
· When a Rel-10 UE is configured in any of transmission modes 1 to 8, it uses only CRS for channel estimation for all Rel-8 CSI feedback modes
 
Offline discussion:

· When a Rel-10 UE is configured in transmission mode 9, it uses only CSI-RS (1, 2, 4, or 8 CSI-RS ports) for channel estimation for all CSI feedback modes

· It is FFS which DCI format (2C, 1 or 1A) is used in transmission mode 9 when the UE uses only 1 CSI-RS port for channel estimation for all CSI feedback modes and antenna port 7 for demodulation 
Support this proposal: Ericsson,/ST-Ericsson, LG, Qualcomm, Orange, Nokia/NSN, Panasonic, New Postcom, Huawei, Hisilicon, Intel, Sharp,  

Object this proposal: ALU/ASB
In this contribution, we continue with the discussion and share our views. In addition, we will also discuss the following aspects:

· Further study for the next meeting (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

2. CSI-RS Usage in TM9
Regardless of the configuration of CSI-RS, at least the CRS in the control region is present in all subframes for PDCCH decoding. In non-MBSFN subframes, CRS in data region will be present. 
For TM9, we see two cases:

· If CSI-RS is configured, it makes sense to use only CSI-RS for channel estimation for CSI feedback.  Since the relationship between CRS ports and CSI-RS is unknown to the UE, especially when the number of ports are different and antenna virtualization is used for CRS ports. Trying to combine channel estimates from CRS and CSI-RS can lead to erroneous channel estimates.

· If CSI-RS is not configured, UE has to use CRS for channel estimation for CSI feedback. Assuming the CRS antenna ports are consistent from subframe to subframe and they correspond to the antenna ports for which precoding is defined, UE can use only CRS for CSI feedback. However, in non-MBSFN subframes, CRS is present on both control and data regions. But in MBSFN subframes, CRS is present only in the control region. Rel-10 UE in TM9 will need to deal with the question of how/whether to use CRS if only present in control region of a MBSFN subframe.
However, considering the very small overhead associated with CSI-RS, the simplicity and uniformity of UE processing required for CSI feedback, and the larger reuse factor of CSI-RS (than CRS), and the muting feature allowed for CSI-RS, mandating the transmission of CSI-RS seems to be reasonable for Rel-10 networks. 

Proposal:

· Mandate the transmission of CSI-RS for CSI feedback in TM9. In other words, when a Rel-10 UE is configured in transmission mode 9, it uses only CSI-RS (1, 2, 4, or 8 CSI-RS ports) for channel estimation for all CSI feedback modes.
3. CSI-RS in Almost-Blank Subframes 

The so-called almost blank subframe or ABS is characterized by the following properties according to [3]:

· ABS only carries CRS and PSS/SSS/PBCH, SIB-1/Paging with associated PDCCH when is to be transmitted
· Needed for legacy support
· CSI-RS transmission on ABS is FFS
· MBSFN subframe carrying signal in data region shall not be configured as ABS
· If ABS coincides with MBSFN subframe not carrying any signal in data region, CRS is not present in data region
ABS is created for minimizing interference to neighboring cells in eICIC. The fact that ABS does not carry PHICH means that there in no HARQ retransmission opportunity 4 subframe later. To minimize impact to HARQ, it was discussed to specify ABS in a bit pattern with a spacing of multiple of 4ms. However, if we allow CSI-RS transmission on ABS (discussed in the next section), we can ensure the presence of CSI-RS on all subframes signaled via high layer. Serving cell CSI measurement will not be affected. Neighbor cell measurement for COMP (based on neighboring cell CSI-RS) is also fine. If neighbor cell CSI-RS coincides with serving cell ABS, it is like PDSCH muting on neighbor CSI-RS REs. If neighbor cell CSI-RS coincides with serving cell’s regular data subframe, it is up to eNB to apply and signal PDSCH muting or not.

Proposal:

· Allow CSI-RS transmission on ABS 

4. CSI-RS Duty Cycle and Configuration 
In [1], CSI-RS subframe configuration with a period of 5/10/20/40/80ms has been agreed. The subframes that contain SCH, PBCH, SIB, or paging, should be avoided in our view. Otherwise, puncturing either SCH/PBCH/SIB/Paging RE or CSI-RS will be needed. Puncturing SCH, PBCH, SIB, or paging clearly has system robustness implication. Puncturing CSI-RS will also affect the channel estimation for CSI feedback. So it is better to avoid any puncturing. Given the following nature of these channels, this leads to avoiding subframes 0/4/5/9 in FDD and the CSI duty cycle of multiple of 5ms.
· P/S-SCH: Symbols 5&6 in the subframe 0&5 every 10ms (radio frame)

· PBCH (MIB): Symbols 7/8/9/10 in the subframe 0 every 10ms

· SIB1/2: data region in subframe 5 every 20ms (other SIBs can be sent on other subframes)

· Paging: Data region in subframe 0/4/5/9 every 10ms

In the meantime, it was discussed that a period of multiple of 4ms aligns with the UL HARQ process better and it has been adopted also for backhaul link for in-band relay. This is mainly due to the UL HARQ retransmission at subframe n+4 after PHICH at subframe n. However, changing CSI-RS periodicity to 4ms will not align with SCH/PBCH/SIB/paging transmission that has a periodicity of multiples of 5ms. Hence, collision will occur which necessitates the definition of some puncturing rule. Moreover, aligning periodicity of CSI-RS with UL HARQ timing seems not necessary, other than perhaps related to the issue of whether to allow CSI-RS transmission on Almost Blank Subframes (ABS) that may have a periodicity of multiple of 4ms as discussed before. But once we allow CSI-RS transmission on ABS, defining CSI-RS duty cycle in multiple of 5ms, as agreed and already captured in [1], is necessary to avoid collision with SCH/PBCH/SIB/Paging. As to relay backhaul link that is defined based on subframes with a period of multiples of 4ms, it may require the CSI-RS on backhaul links to reduce its frequency, e.g., from 5ms periodicity to 20ms. Since backhaul link is likely to be static, such a CSI-RS periodicity should not cause any problem for backhaul link performance.
Proposal:

· Defining CSI-RS and CSI-RS muting duty cycle in multiple of 5ms, as agreed and already captured in [1] and avoiding subframe 0/4/5/9 to avoid collision with SCH/PBCH/SIB/Paging     
5. Conclusions

This contribution discusses remaining details of CSI-RS configuration. We propose:
· Mandate the transmission of CSI-RS for CSI feedback in TM9. In other words, when a Rel-10 UE is configured in transmission mode 9, it uses only CSI-RS (1, 2, 4, or 8 CSI-RS ports) for channel estimation for all CSI feedback modes.
· Allow CSI-RS transmission on ABS 

· Defining CSI-RS and CSI-RS muting duty cycle in multiple of 5ms, as agreed before and already captured in [1] and avoiding subframe 0/4/5/9 to avoid collision with SCH/PBCH/SIB/Paging     
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