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1 Introduction
In LTE-A, channel state information RS (CSI-RS) is planned to be used for channel measurements and for deriving feedback on channel quality and spatial properties as needed. The feedback based on CSI-RS is used for different transmission modes such as single-cell single and multi-user MIMO.  

The CSI-RS patterns had been agreed in RAN1#61bis [11] and several aspects related to the signalling of CSI-RS were agreed in RAN1#62 and RAN1#62bis. However, further details have been left for further study.  
In this contribution we summarize our views on the remaining aspects of the signalling and the possible configurations of the CSI-RS. 
2 Agreements on CSI-RS and Muting
In RAN1#62 [13] and RAN1#62bis the following was agreed for signalling of CSI-RS and on support of muting. 
On CSI-RS

· CSI-RS for 1,2,4 and 8 ports are supported in Rel-10

· Independent configuration of Rel-8 CRS and Rel-10 CSI-RS ports

· Usage of CRS and CSI-RS for 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

· There will be a Rel-10 CSI feedback mode that uses only CSI RS for channel estimation.

· This does not preclude that all Rel-10 CSI feedback modes use only CSI RS for channel estimation.

· Following parameters for CSI-RS are explicitly signaled via higher layer

· Number of CSI-RS ports 2 bits

· CSI Configuration (enumeration agreed in RAN1#62bis) 5 Bits

· Duty cycle

· Subframe offset
· Ratio of PDSCH EPRE to CSI-RS EPRE, in dB (ρc)

· Duty cycle and subframe offset are jointly encoded. Values in the table below were agreed as baseline
· FFS: 15 msec in the table

· FFS: Multiple of 4 msec

· FFS whether subframes 0 and 5 are avoided
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On Muting

· Muting configuration is cell-specific and signalled via higher-layer

· The intra-subframe location of muted resource elements is indicated by a 16-bit bitmap

· Each bit corresponds to a 4-port CSI-RS configuration

· All REs used in a 4-port CSI-RS configuration set to 1 are muted (zero power assumed at UE), except for the CSI-RS REs if they belong to this CSI-RS configuration

· This signaling is common for FDD and TDD CSI-RS configurations

· One value of subframe offset and duty cycle is signalled for all the muted resource elements, using the same encoding as for the subframe offset and duty cycle of the CSI-RS

· One of two options should be decided at the next meeting

· Option 1: Muted REs cannot be located in subframes without CSI-RS

· Option 2: Muted REs can be located in subframes without CSI-RS, and in this case the CSI-RS duty cycle is an integer multiple of the muted REs duty cycle

· Whether muting can be configured in a cell without CSI-RS is FFS. 
3 Discussion

In this contribution we present our views on the following remaining aspects  

· Available subframes for CSI-RS

· Use of CSI-RS on MBSFN subframes
· Support of 15ms and multiple of 4ms duty cycle for CSI-RS

· Relationship on duty cycle of muting and CSI-RS
· Configuration of muting on cells without CSI-RS

Our views on some related topics are included in companion contributions [14-16]. In [14] we discuss rate matching for transmit diversity schemes on subframes with CSI-RS / muted REs, in [15] we discuss where CSI-RS/muting configuration can be carried while in [16] we discuss aspects related use of CRS versus CSI-RS and aspects related to interference estimation for CSI feedback. 
3.1
 Available subframes for CSI-RS 

In our opinion, the CSI-RS subframe allocation should observe the following. 

· We propose to exclude subframes that include PBCH, sync signals or paging within a radio frame from the CSI-RS subframe set, i.e. subframes {0, 4, 5, 9} in FDD mode and {0, 1, 5, 6} in TDD mode. An exception can be made for TDD by allowing CSI-RS transmission on subframe 5 not containing SIB1 if support of CSI-RS is desired for TDD configuration 0 and for relay configurations that have no DL access subframes outside the set of paging subframes.

· To simplify the specification, we propose that DwPTS in TDD should not be used to carry CSI-RS.  Note that since the number of control symbols is limited to two in special subframes and the 3rd symbol carries the PSS, it would be possible to fit CSI-RS after the first three OFDM symbols; however, in our view, the number of different DwPTS configurations makes this option complicated.
3.2
Use of MBSFN and eMBMS subframes for CSI-RS
MBSFN subframes that are used for eMBMS services should not contain CSI-RS. Since in eMBMS subframes the UE is receiving multicast transmission from multiple cells, a CSI-RS transmission would reduce SNR on more REs than in unicast transmissions.  In addition, the rate matching around all CSI-RS REs is not well defined in the multi-cell transmission case, unless whole OFDM symbols containing CSI-RS are rate matched around.  

Either the use eMBMS subframes for CSI-RS transmission should be excluded or otherwise the UE behavior in eMBMS subframes containing CSI-RS should be left unspecified. In most cases, this can be achieved by configuring CSI-RS periodicity and subframe offset to avoid MBSFN subframe occasions. However, the case of CSI-RS and MBSFN subframes configuration leading to a collision of CSI-RS and MBSFN subframe needs to be addressed.

There could also be other reasons for configuring CSI-RS subframes to avoid some MBSFN subframes (depending on future uses of MBSFN subframes). 
 The following approaches can be used to configure CSI-RS, MBSFN and eMBMS subframes
1. Only allow CSI-RS and MBSFN configurations such that CSI-RS and MBSFN subframes never collide. 
2. Allow CSI-RS and MBSFN subframes to be configured such that they collide but drop CSI-RS on subframes that are marked as MBSFN. 
3. Allow CSI-RS and MBSFN subframes to be configured such that they collide and transmit CSI-RS on subframes that are marked as MBSFN. 
4. Allow CSI-RS and MBSFN subframes to be configured such that they collide and transmit CSI-RS on subframes that are marked as MBSFN and not used for eMBMS. This option would require the signalling of eMBMS configuration to the UE. Note that UEs configured to receive eMBMS service will have this information but the other UEs don’t have this information readily available. 

5. Configurable option where we allow CSI-RS and MBSFN subframes to collide and use higher layer signaling to configure the UE behavior in MBSFN subframes, e.g. UE assumes CSI-RS present or UE assumes CSI-RS not present or signal that selection on a subframe by subframe basis with a bitmap.   

Our current preference is to use option 5.  

3.3
 CSI-RS Subframe Periodicity 
CSI-RS duty cycle was agreed to be configurable with values of {5, 10, 20, 40, 80) ms. Duty cycle of 15ms and multiple of 4ms were left as FFS. At this time, we do not see any benefit of supporting 15ms duty cycle in addition to the agreed values and propose not supporting 15ms duty cycle. However, we believe that supporting at least some multiples of 4ms such as 8ms / 16ms is necessary in FDD mode for relays and for potential improvements in designs to enable range expansion in HetNet.
3.3.1
 CSI-RS and Heterogeneous Networks 

CSI-RS periodicity such as 8ms may particularly be useful if time domain partitioning based solutions are adopted for heterogeneous networks (HetNet) in FDD mode. In HetNet range expansion is being considered where a UE communicates with a weaker cell (such as a pico eNB) in presence of a dominant interferer (such as a macro eNB). In such scenarios communication is only possible when the dominant interferer clears resources on which the weaker eNB can communicate with the UE. One of the key approaches to support range expansion has been to use subframe partitioning where dominant interferer uses almost blank subframes to reduce interference. Since UL in FDD mode uses synchronous HARQ with 8ms RTT, one of the most efficient way of performing subframe partitioning is to perform the partitioning with 8ms periodicity. Ideally we would like all communication from the weaker eNB to the UE (including the CSI-RS) to take place on these cleared resources. Since the partitioning is 8ms based, an 8ms periodicity of CSI-RS would fit better with such a partitioning. 
We should note that if muting is supported, the dominant interferer could mute the CSI-RS REs of the weaker cell if the CSI-RS is not on the cleared subframes resolving this issue to some extent. However, 
· Muting involves additional clearing of the dominant interferer’s resources which could lead to additional loss. 
· Even if the dominant interferer mutes the CSI-RS locations of the weaker eNB, there would be ISI and ICI introduced due to timing and frequency offset between the two eNBs. 
· If CSI-RS of the weaker eNB is only on the subframes cleared by the dominant interferer the UE needs to only monitor subframes cleared by the dominant interferer potentially giving some savings in battery life. With muting based solution the UE may need to monitor more subframes.

3.3.2
 CSI-RS and Relays
While considering configuration of CSI-RS for relays we need to consider both backhaul and access links since relays need to receive CSI-RS from the donor eNB on backhaul DL subframes and also transmit CSI-RS to their UEs on access DL subframes.   

In RAN1#62 it was agreed that for Release 10 relays in FDD the subframe partitioning would be based only on 8ms periodicity. On DL, the relay would configure its backhaul subframes as MBSFN subframes so that the UE is not expecting CRS or any other transmissions in the PDSCH region from the relays. The access subframes could be MBSFN of regular subframes. Since subframe 0,4,5,9 in FDD cannot be configured as MBSFN they are always available for access link. 

On the access link if the relay wishes to use a multiple of 5ms periodicity for CSI-RS the following options exist.

1.  Use one of subftrame {0, 4, 5, 9} with a multiple of 5ms period because these are already available for the access link 

· There is a negative impact on paging on the access link 

· With paging load restriction, SF#4 could be potentially freed up but this still reduces deployment flexibility with respect to paging 

· It is desirable if macro and relay to use the paging configuration if they are part of the same paging area
2.  Use a subframe out of the set {1, 2, 3, 6, 7, 8} with a mulitple of 5ms period and use it for CSI-RS insertion always
· Due to the 8ms based partitioning of backhaul and access subframe this would result in relay being forced to transmit CSI-RS on some backhaul subframes  converting  them to access subframes that could significantly impact the backhaul HARQ timeline. 

3. Use a subframe out of the set {1, 2, 3, 6, 7, 8} with a mulitple of  5ms period and use it for CSI-RS insertion only when it coincides with the 8ms based access interlace 

· If CSI-RS transmissions are dropped on MBSFN subframes (option 2 in section 3.2), then this happens automatically and hence the relay operates in a UE transparent manner
· However, if CSI-RS transmissions are not dropped on MBSFN subframes, the UE would need to know which access CSI-RS subframes are actually transmitted. This requires additional signaling for Rel-10 UEs and breaks UE transparent access to relay nodes 
· It should be noted that if the access link is given one interlace, the CSI-RS period in this case would be 40ms which may be insufficient. With two interlaces for access link it would be possible to configure the partitioning to obtain a CSI-RS periodicity of 20ms but would limit the partitioning choice significantly.
On the backhaul link the donor eNB can always choose a subframe offset and periodicity such that the relay receives at least one CSI-RS transmission every 40ms. However,  similar to the observation made for access link, if the number of backhaul interlaces are limited the donor eNB may not be able to improve on the CSI-RS periodicity for relay. 

If CSI-RS can be configured with multiples of 4ms, the CSI-RS for the donor eNB can be placed on the backhaul interlace of the relay and the relay can place its CSI-RS on its access interlace. In this case, even if subframes 0,4,5, and 9 are not used for CSI-RS with just one interlace for access /  backhaul  it will be possible the ensure that the maximum distance between two CSI-RS  transmission / reception  is at most 16ms. 
Of course, if 40ms CSI-RS periodicity is sufficient then multiple of 4ms-based CSI-RS period would not be needed. But we view 40ms CSI-RS periodicity not sufficient in the general case to cover typical operating conditions.
3.4
Configuration of CSI-RS subframe period and offset

In the table below we provide our proposal for the configuration of duty cycle and subframe offset for FDD.  
· In case of a periodicity that is a multiple of 4ms, all subframes offsets would be allowed; however, in subframes that are possible paging subframes, CSI-RS would not be transmitted and rate matching would not occur. For example, when configured with 4ms periodicity, CSI-RS would use only 6 subframes every 40ms in FDD with maximum spacing between CSI-RS subframes of 12ms. 

· For all cases, except for 5ms and 10m periodicity, the UE will need to know the cell SFN to correctly interpret the subframe offset. 

	Periodicity
	Subframe Offset
	Number of cases

	5
	1, 2, 3
	3

	10
	1, 2, 3, 6, 7, 8
	6

	20
	1, 2, 3, 6, 7, 8, 11, 12, 13, 16, 17, 18
	12

	40
	1, 2, 3, 6, 7, 8, 11, 12, 13, 16, 17, 18
21, 22, 23, 26, 27, 28, 31, 32, 33, 36, 37, 38
	24

	80
	1, 2, 3, 6, 7, 8, 11, 12, 13, 16, 17, 18
21, 22, 23, 26, 27, 28, 31, 32, 33, 36, 37, 38
41, 42, 43, 46, 47, 48, 51, 52, 53, 56, 57, 58
61, 62, 63, 66, 67, 68, 71, 72, 73, 76, 77, 78
	48

	4
	0, 1, 2, 3
	4

	8
	0, 1, 2, 3, 4, 5, 6, 7
	8

	16
	0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15
	16

	Total
	121


An alternative mapping that provides increased flexibility in scheduling CSI-RS is to configure it using a bitmap covering all usable subframes in a 40ms period (24 subframes). Since not all possible configurations are necessary this information can be compressed. For example we could use 2 bits for every 5 subframes to indicate which subframe is used (3 states for the 3 usable subframes in 5ms and 1 state to indicate no subframe is used in a given 5ms) resulting in a total of 16 bits. The increased flexibility may be useful in HetNet when time domain subframe partitioning is used and for supporting relays that have to partition the available DL subframes between backhaul and access subframes.  
4
CSI-RS and Muting Configurations
In this section we address the following open issues related to configuration of muting

Configuration of muting on cells without CSI-RS - We do see a use case for allowing muting on cells without CSI-RS. For example, a femto eNB may not need to use CSI-RS but it may need to mute the REs corresponding to the CSI-RS of a macro eNB in order to allow barred UEs to connect to the Macro. 

Relationship on duty cycle of muting and CSI-RS – We believe it is useful to allow muting periodicity to be smaller (i.e., muting is more frequent) than CSI-RS periodicity. This would allow an eNodeB using a high periodicity of CSI-RS to mute all the CSI-RS locations of nieghboring eNBs that use a lower periodicity. Such a configuration may be used for example when performing range expansion for relays where the donor eNB has to mute the CSI-RS REs of the relay access link. At this time we do not see a strong reason for supporting muting periodicity that is larger than the CSI-RS periodicity apart from saving on muting overhead in some cases.  
5
Conclusions
In this paper, we provided proposals for some of the remaining aspects related to the CSI-RS configuration and for the CSI-RS configuration signaling. The key proposals are summarized below:
· CSI-RS duty cycle

· Allow small multiples of 4ms duty cycle for CSI-RS for better compatibility with Relays and HetNet.

· Not support 15ms duty cycle

· On subframes available for CSI-RS we propose that

· CSI-RS avoids subframes allowed for paging
· An exception is made for subframe 5 for TDD that does not contain SIB-1.
· CSI-RS avoids DwPTS in TDD
· CSI-RS avoids subframes used for eMBMS. Alternatively, UE behavior is left unspecified in eMBMS subframes containing CSI-RS. 

· For future compatibility (i.e. for enabling future, alternate uses of MBSFN in a backward compatible manner) higher layer signalling is used to configure whether or not CSI-RS is inserted in  MBSFN subframes when MBSFN subframes and CSI-RS subframes colllide
· Support muting to be configured on cells without CSI-RS 

· When both CSI-RS and muting are present, CSI-RS and muting configurations chosen such that CSI-RS periodicity is an integer multiple of muting periodicity
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