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1 Introduction
The intra-cell CSI-RS patterns have been agreed at the RAN1 #61bis meeting. The list of parameters to be signalled by higher-layers was agreed at the RAN1 #62 meeting and confirmed at RAN1 #62bis. PDSCH muting was also agreed at RAN1 #62bis, where the location of muted REs is signalled by a bitmap of 4-port CSI-RS configurations, and a single value of subframe offset and duty cycle is signalled for all muted REs, using the same encoding table as the subframe offset and duty cycle of the CSI-RS.
Remaining specification details for CSI-RS are listed below:

· Support for multiple of 4 ms duty cycle considering UL HARQ timing in HetNet for FDD

· Collision between CSI RS and BCH/PSS/SSS/Paging/SIB in FDD and TDD.

· Whether to allow CSI RS transmission on almost blank subframes in HetNet scenarios
· Usage of CSI-RS and/or CRS with transmission mode 9
· Usage of DCI format 2C, 1 or 1A for 1 CSI-RS port with transmission mode 9

· When can a UE start assuming rate matching around CSI-RS and muted REs?
· CSI-RS sequence and initialization
Rate matching, collisions and duty cycle issues are common to CSI-RS and muted REs. Additional remaining details on PDSCH muting are listed below:
· 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

In this contribution, we give our views and proposals to finalize these remaining issues.
2 Remaining Details of CSI-RS
2.1 Support of multiples of 4 ms duty cycle
The proposal to support values of duty cycle as multiples of 4 ms is related to the UL HARQ timing in HetNet operation for FDD and with the usage of the almost blank subframe. An almost blank subframe configured in the aggressor cell would be configured with e.g. 8 ms duty cycle to synchronize it with the synchronous retransmission subframes associated with other almost blank subframes. Since these subframes incur no interference to the victim cell, it is proposed to configure the CSI-RS of the victim cell in these protected subframes as illustrated in Figure 1(a). Thus it was argued that there is a need to be able to configure the CSI-RS with the same periodicity as the almost blank subframes, i.e. multiples of 4 ms.
While we recognize that improving the channel estimation over the CSI-RS of the victim cell is important, we also feel that there is no strong relationship between the periodicity of the almost blank subframes and the periodicity of the CSI-RS. While the number and periodicity of almost blank subframes depend on the traffic loading conditions in the victim cell, the periodicity of the CSI-RS depends on the speed of the UEs that are configured in transmission mode 9. Thus it would be better not to tie these two periods and it is not necessary to provide specific values of duty cycle for non-optimized scenarios.

Moreover, since PDSCH muting was adopted at RAN1 #62bis and since the muted REs can be configured with the same subframe offset and duty cycle as any CSI-RS configuration, then it is always possible for the aggressor cell to schedule muted REs to protect the CSI-RS of the victim cell in any subframe without limitation to the almost blank subframes as illustrated in Figure 1(b), and thus achieve the targeted channel estimation enhancements. This comes at a low cost for the aggressor cell, which is most likely already heavily hit by blanking some of its subframes.
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Figure 1: Protection of CSI-RS in the victim cell
Observation: there is no need to support CSI-RS duty cycles as multiples of 4 ms since PDSCH muting can ensure appropriate protection of the CSI-RS in any subframe of a victim cell in HetNet.
2.2 CSI RS transmission on almost blank subframes
A question has been raised about whether it should be allowed to transmit CSI-RS on almost blank subframes of the same (aggressor) cell, as shown in Figure 2. Transmission of CSI-RS would cause interference to the PDSCH of the victim cell, potentially causing detection errors due to the mismatch between the reported (interference-free) CQI and the SINR on even few interfered PDSCH REs when the PDSCH is allocated with a high MCS. The amount of performance degradation would need to be verified.


Figure 2: Interference of CSI-RS in the aggressor cell into the victim cell
In case transmission of CSI-RS in almost blank subframes has a significant impact on the performance of UEs in the victim cell, the UE behaviour in the aggressor cell should be defined in almost blank subframes where CSI-RS appear. One possibility would be for the UE in the aggressor cell to assume that CSI-RS are not transmitted in almost blank subframes. This would obviously have an impact on the accuracy of the CSI and CQI feedback from Rel-10 UEs configured in transmission mode 9.

On the other hand, in a typical setting CSI-RS are configured with 5 ms duty cycle while almost blank subframes appear with 8 ms duty cycle. In this case, CSI-RS would fall in almost blank subframes only once every 40 ms. Averaging of interference measurements could mitigate the mismatch that occurs only once in a while. The victim cell can also mitigate the mismatch between the CQI and the true SINR by allocating a proper packet format. Thus it is expected that the impact of the transmission of CSI-RS in almost blank subframes could be mitigating by the UE and eNodeB implementation, and it does not seem necessary to forbid CSI-RS transmissions in almost blank subframes.
Furthermore, considering the future-proof of the system design, it should be noted that a UE in the victim cell is not aware of the location of all almost blank subframes of the aggressor cell, but it is only aware of a subset of the almost blank subframes. Thus it cannot make an assumption on the presence or absence of CSI-RS of the macrocell, and thus will be unable to effectively measure the channel from the macrocell eNB. This would prevent future important operation scenarios such as CoMP.

Proposal 1:  CSI-RS can be transmitted in almost blank subframes.
2.3 Collision between CSI RS and BCH/PSS/SSS/Paging/SIB in FDD and TDD
The location of the CSI-RS is informed to all Rel-10 UEs by a subframe offset and a duty cycle, which are jointly encoded.  It is FFS whether subframes 0 and 5 should be avoided in TDD and FDD, and how to deal with the potential collisions of CSI-RS and BCH/PSS/SSS/Paging/SIB. The broadcast information that should be considered when scheduling the CSI-RS is shown in Table 1.
Table 1: Broadcast information to be avoided by CSI-RS 

	
	FDD
	TDD
	Period

	PSS
	Last symbol (6 in normal CP, 5 in extended CP) in slots 0 (subframe 0) and 10 (subframe 5) on the central 62 subcarriers (6 PRBs)
	3rd symbol in subframes 1 (DwPTS) and 6 (DwPTS in TDD config 0/1/2/6) on the central 62 subcarriers (6 PRBs)
	5 ms

	SSS
	Last but one symbol in slots 0 and 10 on the central 62 subcarriers (6 PRBs)
	Last symbol in slots 1 and 11 on the central 62 subcarriers (6 PRBs)
	5 ms

	PBCH
	Symbols 7/8/9/10 in subframe 0 with normal DL CP) on the 6 central PRBs
	Symbols 7/8/9/10 in subframe 0 with normal DL CP) on the 6 central PRBs
	10 ms

	DBCH SIB1
	data region in subframe 5 per 20ms
	data region in subframe 5 per 20ms
	20 ms

	DBCH SIBx
	Any subframe, configurable
	Any subframe, configurable
	Configurable

	Paging
	Data region in subframes 9, 4/9, or 0/4/5/9
	Data region in subframes 0, 0/5, or 0/1/5/6
	10 ms


A visual representation of the location of these channels in FDD downlink, TDD configuration 0 and TDD configuration 5 is shown in Figure 3.

Figure 3: Locations of broadcast channels 

[image: image1.emf]SF0 SF1 SF2 SF3 SF4 SF5 SF6 SF7 SF8 SF9 SF10 SF11 SF12 SF13 SF14 SF15 SF16 SF17 SF18 SF19

SIB1

PSS PSS PSS PSS  last symbol of first slot

SSS SSS SSS SSS  last but one symbol of first slot

PBCH PBCH  symbols 7/8/9/10

paging paging paging paging paging paging paging paging

(a) FDD Downlink

` SF0 SF1 SF2 SF3 SF4 SF5 SF6 SF7 SF8 SF9 SF10 SF11 SF12 SF13 SF14 SF15 SF16 SF17 SF18 SF19

SIB1

PSS PSS PSS PSS  third symbol of DwPTS

SSS SSS SSS SSS  last symbol of second slot

PBCH PBCH  symbols 7/8/9/10

paging paging paging paging paging paging paging paging

DL DwPTS UL UL UL DL DwPTS UL UL UL DL DwPTS UL UL UL DL DwPTS UL UL UL

(b) TDD configuration 0

SF0 SF1 SF2 SF3 SF4 SF5 SF6 SF7 SF8 SF9 SF10 SF11 SF12 SF13 SF14 SF15 SF16 SF17 SF18 SF19

SIB1

PSS PSS PSS PSS  third symbol of DwPTS

SSS SSS SSS SSS  last symbol of second slot

PBCH PBCH  symbols 7/8/9/10

paging paging paging paging paging paging paging paging

DL DwPTS UL UL UL DL DwPTS UL UL DL DL DwPTS UL UL UL DL DwPTS UL UL DL

(c) TDD configuration 6

6 PRBs

6 PRBs

6 PRBs


In FDD, it is simple enough to avoid scheduling CSI-RS in subframes 0 and 5 in order to avoid any collision with PSS/SSS/PBCH and SIB1. Paging channels can be also be avoided in subframes 4 and 9, still leaving 3 subframes available for configuring CSI-RS with a 5 ms duty cycle. A restricted number of CSI-RS configurations that use OFDM symbols that do not collide with PSS, SSS and PBCH can still be used in subframes 0 and 5 with a duty cycle of 5 ms. However they would still collide with SIB1 in subframe 5 every 20 ms, so only subframe 15 would be available for a duty cycle of 10 ms with the restricted set of CSI-RS configurations, achieving a reuse factor of 16/8/4 for 2/4/8 CSI-RS, respectively, when 2 or 4 CRS ports are configured, as shown in Table 2. Overall, there is no problem in FDD.
TDD configurations 0 and 6 are more problematic. Subframe 9 in TDD configuration 6 allows to use any CSI-RS configuration with a duty cycle of at least 10 ms while avoiding any collision with PSS/SSS/PBCH/SIB1 and paging channels. In TDD configuration 0, no such subframe is available. A restricted number of CSI-RS configurations that use OFDM symbols that do not collide with PSS, SSS and PBCH can still be used in subframes 0 and 5 with any duty cycle, but the CSI-RS reuse factor may be limited in the worst case to 4/2/1 for 2/4/8 CSI-RS, respectively, when 4 CRS ports are configured. Moreover, if collisions with SIB1 are to be avoided, then the duty cycle also needs to be at least 20 ms. There does not seem to be any magic solution that would allow to increase the reuse factor for free. Whether it is really necessary to increase the CSI-RS reuse factor for this specific configuration is questionable, especially given that SRS can be used to obtain CSI at the eNodeB in TDD instead of PMI.
Table 2: CSI-RS reuse factor assuming 4 CRS ports (2 CRS ports)
	
	
	Normal DL CP
	Extended DL CP

	
	
	2 CSIRS
	4 CSIRS
	8 CSIRS
	2 CSIRS
	4 CSIRS
	8 CSIRS

	FDD SFx, x≠0,5
	20
	10
	5
	16(28)
	8(14)
	4(7)

	FDD SF0
	4
	2
	1
	8
	4
	2

	FDD SF5
	16
	8
	4
	8(20)
	4(10)
	2(5)

	TDD config 0 SF0
	4
	2
	1
	8
	4
	2

	TDD config 0 SF1
	0
	0
	0
	0
	0
	0

	TDD config 0 SF5
	16
	8
	4
	8(20)
	4(10)
	2(5)

	TDD config 6 SF0
	4
	2
	1
	8
	4
	2

	TDD config 6 SF1
	0
	0
	0
	0
	0
	0

	TDD config 6 SF5
	16
	8
	4
	8(20)
	4(10)
	2(5)

	TDD config 6 SF9
	20
	10
	5
	16(28)
	8(14)
	4(7)


Independently of the possible configurations and potential solution to increase the CSI-RS reuse factor in TDD configuration 0, it should be specified how collisions between CSI-RS and PSS/SSS/PBCH/SIB1 and paging channels are handled at the UE side.

The impact of collisions of CSI-RS with SIB1 or paging channels can be mitigated by proper MCS selection by the eNodeB. This would decrease the spectral efficiency of the system but it would at least not have any impact on the UE implementation.

The impact of collisions of CSI-RS with PSS, SSS and PBCH is more critical, and in this case it would be preferable for the UE to assume that CSI-RS are not being transmitted either:

(a) in REs that collide with PSS/SSS/PBCH, or 

(b) in subframes (i.e. OFDM symbols) where these collisions happen, or 

(c) in any subframes if the CSI-RS configuration creates collisions in at least one subframe 
An example of the solution of type (a) would be to skip transmitting CSI-RS in the central 6 PRBs in subframes that contain PSS, SSS, and PBCH. The impact of this solution is not trivial. Firstly it would degrade the channel estimation accuracy at the boundaries of the 6 PRBs region, or it would require a complex implementation at the UE. Secondly, it would deny feedback of channel state information for these 6 PRBs, which can potentially represent a significant portion of the used bandwidth. It would therefore be preferable to skip the transmission of CSI-RS over the whole bandwidth in the event that a collision happens in the central 6 PRBs. Even though this would have an impact on the accuracy of the CSI feedback, it would still allow the eNodeB to signal such a CSI-RS configuration if it so wishes. Option (c) invalidates certain CSI-RS configurations as long as they collide with at least one subframe. This restriction seems too strong, thus option (b) is preferred.
Proposal 2: CSI-RS transmission is performed full band. In the event of a collision between CSI-RS and PSS, SSS, or PBCH, the UE may assume that CSI-RS are not transmitted in the subframe (i.e. OFDM symbols) where the collision occurs.
2.4 When can a UE start assuming rate matching around CSI-RS and muted REs?
At network entry, the eNB learns that a UE is a Rel-10 UE after completion of the UE capability transfer, but the UE does not receive any acknowledgment from the eNB to indicate that the UE capability transfer has been completed successfully. However, the UE must decode SIB2 before being able to receive any DL packet. Assuming the configuration of CSI-RS and muted REs is conveyed in SIB2, then after decoding SIB2 the UE knows if CSI-RS and muting are configured. The UE can then start assuming rate matching from its first received DL grant. If the eNB is a Rel-8 eNB, then there is no issue since there is no CSI-RS and no muting. No new parameter needs to be introduced for the UE to understand when it should start assuming rate matching around the CSI-RS and muted REs.
During a reconfiguration of system parameters, there in an uncertainty period during which the UE could not have detected the new system parameters. There is also an uncertainty at the eNodeB about when it could start assuming that a UE has acquired the new system parameters. This behavior is common to all system parameters, and as usual it is up to the eNodeB scheduler to choose whether or not to allow more time for the UEs to correctly detect the new system parameters. Thus in a similar manner as in case of network entry, the UE may start assuming rate matching from the first DL assignment after it has acquired the new system parameters, and the eNodeB is responsible for the network impact of reconfiguring its system parameters.
Proposal 3: A Rel-10 UE can start assuming rate matching around the CSI-RS and muted REs as soon as it has decoded SIB2, assuming the configuration of CSI-RS and muted REs is conveyed in SIB2, i.e. rate matching will be effective from the first received DL assignment with a PDSCH unicast transmission in any transmission mode when there is CSI-RS and/or muted REs in the scheduled resource blocks.

2.5 Usage of CSI-RS or CRS for transmission mode 9
Past agreements on the usage of CRS and CSI-RS are summarized below:
· No mixed use of Rel-8 CRS and Rel-10 CSI RS for a configured Rel-10 CSI measurement of a given cell at Rel-10 UE (for all possible number of antenna ports in the cell)

· For the configured CSI measurement the UE measures either on Rel-8 CRS or on Rel-10 CSI RS for the given cell [RAN1 #57]
· There will be at least one Rel-10 CSI feedback mode that uses only CSI RS for channel estimation [RAN1 #62bis]
· 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 [RAN1 #62bis]
It was proposed at RAN1 #62bis [1] that:

· 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
While there is no question that this is the only option for 8 transmit antennas, the issue is whether it is necessary for a Rel-10 eNB to be able to choose to configure only 4 CRS ports, or to configure 4 CRS ports and 4 CSI-RS ports, in order to jointly operate Rel-10 UEs with transmission mode 9 and Rel-8 UEs. A related consideration is whether network operators can go from 4CRS to 2CRS+4CSI-RS without going through 4CRS+4CSI-RS during the transition period where Rel-8 and Rel-10 UEs co-exist in the same network. The issues to be considered are analyzed below. Table 3 summarizes the different options.
Table 3: Types of RS used for channel estimation for Rel-10 UEs in transmission mode 9
	CRS and CSI-RS ports configuration
	4 CRS ports
	4 CRS ports

4 CSI-RS ports
	1 or 2 CRS ports

4 CSI-RS ports

	Rel-8/9/10 UEs

Channel measurements in transmission modes 1~8
	CRS
	CRS
	CRS

	Rel-10 UEs 
Channel measurements in transmission mode 9
	No mixed use of CRS and CSI-RS
	No transmission mode 9
	CSI-RS
	CSI-RS

	
	Mixed use of CRS and CSI-RS
	CRS
	CSI-RS or CRS
	CSI-RS


What would be the motivation to keep 4 CRS ports configured in the transition period? The presence of Rel-8 UEs with 4 receive antennas may be considered, however this issue is actually not the most relevant since Rel-8 UEs with 2 receive antennas could still benefit from beamforming at an eNB with 4 transmit antennas and 4 CRS ports need to be configured to take advantage of this transmission scheme. By reducing the number of CRS ports from 4 to 2, Rel-8 UEs may find their performance decreased since they can no longer support beamforming gain from 4 transmit antennas and they can no longer receive 4 MIMO layers. So it may be desirable to keep 4 CRS ports configured in the transition period.

Observation: it may be desirable to keep 4 CRS ports configured in the transition period.

In the transition period, new Rel-10 UEs should be able to take advantage of transmission mode 9 in a Rel-10 cell. Not configuring CSI-RS would prevent Rel-10 UEs to take advantage of transmission mode 9 if feedback measurements cannot be based on CRS. Considering that Rel-8 transmission mode 7 and Rel-9 transmission mode 8 already rely on feedback measurements on CRS and demodulation on UE-specific DMRS, it would not be totally inappropriate to operate Rel-10 UEs in the same way when CSI-RS are not configured, although it would introduce some mixed type of operation for transmission mode 9.

However, it is always possible to configure 4 CSI-RS ports in addition to the 4 CRS ports. The additional overhead incurred by the configuration of CSI-RS is small since CSI-RS are sparse in time and frequency. 4 CSI-RS (QPSK) symbols occupy 4 REs in each PRB with a typical duty cycle of 10 ms, while 4 CRS ports occupy 24 REs every PRB. Over a 10 MHz bandwidth, the data rate of 4 CSI-RS ports is just 44.4 kbps, while the data rate of 4 CRS ports is 2.667 Mbps. Clearly the overhead of CSI-RS is not an issue, while the overhead of configuring 4 CRS ports rather than 2 CRS ports is significant.
Observation: the overhead of configuring 4 CSI-RS ports is negligible compared to the overhead of keeping 4 CRS ports configured.

It is also worth looking at the impact of introducing CSI-RS on the performance of Rel-8 UEs. It has been recognized that puncturing Rel-8 PDSCH by CSI-RS incurs a throughput loss. Likewise, it is undesirable to have collisions between CSI-RS and PBCH/PSS/SSS/SIBx since it has impact on both Rel-8 and Rel-10 UEs. Bearing in mind that in most typical deployments several downlink subframes are available for scheduling Rel-8 UEs, it is simple enough to avoid scheduling Rel-8 UEs and PBCH/PSS/SSS/SIBx in subframes that contain CSI-RS.

For example, in the extreme case of a 5 ms duty cycle for the CSI-RS, as long as 20% of UEs in the network are Rel-10 UEs then these UEs can be scheduled in the subframe that contains CSI-RS, while Rel-8 UEs can be scheduled in other subframes. Since the CSI feedback delay cannot be faster than 5 ms, constraining the scheduling of Rel-10 UEs in one subframe out of five would not incur any performance degradation worth considering since the eNodeB can also make sure the PUCCH or PUSCH carrying the feedback can be conveniently located according to the expected transmission subframe. Alternatively, CSI-RS can be placed in MBSFN subframes and Rel-10 UEs can be scheduled in MBSFN subframes, thus totally avoiding any penalty to the Rel-8 UEs, and avoiding the overhead of CRS in the PDSCH of Rel-10 UEs. Thus the impact of configuring CSI-RS on the performance of Rel-8 UEs in the transition period can be mitigated by the eNB scheduling.
Observation: the performance impact of introducing 4 CSI-RS ports on legacy UEs can be sufficiently mitigated by smart scheduling in the transition period.

It was also argued that the performance of transmission mode 9 may be better if the feedback measurements are based on CRS instead of CSI-RS. Since the density of CRS is higher than the density of CSI-RS in both time and frequency domains, it is expected that the feedback quality based on CRS measurements may not be worse than based on CSI-RS measurements. However, whether this translates into sector throughput gains is unclear since CRS are overly dense for the purpose of closed-loop MIMO feedback. CQI feedback periodicity is at least 5 ms, and PRB bundling in Rel-10 constraints the precoder to be constant across several PRBs when the UE is configured with PMI feedback. So it is expected that the performance of transmission mode 9 would be similar whether the feedback is measured on CRS or CSI-RS in a Rel-10 network if CRS and CSI-RS are affected by the same amount of interference.

However, if PDSCH muting is applied in neighbour cells to improve the channel estimation on CSI-RS in the serving cell, it is expected that the channel estimation over CSI-RS will be significantly better than the channel estimation over CRS. The reuse factor for CRS is limited to 3, while it can be higher for CSI-RS. A Rel-10 UE measuring the channel over CRS instead of CSI-RS would not be able to take advantage of this improvement. 
Observation: it is not expected that transmission mode 9 would perform better when feedback is based on channel estimated over CRS than over CSI-RS. When PDSCH muting is applied, the channel estimation over CSI-RS is expected to match that over CRS.
Furthermore, when both CRS and CSI-RS are configured it would at least be necessary to specify that channel measurements by a Rel-10 UE configured in transmission mode 9 should be taken on CSI-RS and not on CRS. This would require to define a rule, or to introduce a configuration parameter to inform the UE to take measurements either on CRS or CSI-RS when both are configured with the same number of ports. Enforcing Rel-10 UEs to only measure Rel-10 feedback over CSI-RS would nevertheless be simpler.
Finally, additional testing for transmission mode 9 with measurements on CRS or CSI-RS would be required. Since two types of measurements are possible then two performance tests should be defined in RAN4, whether or not it is expected that the performance would be different or the same for both measurement types. Thus the testing implications of allowing Rel-10 CSI measurements on CRS are not trivial.
Observation: independent testing requirements should be defined if feedback measurements on both CRS and CSI-RS are supported in transmission mode 9.

As a conclusion to the above considerations, our view is that it is not necessary to allow Rel-10 UEs to perform channel measurements over CRS for CSI feedback in transmission mode 9. A network operator can configure 4 CRS ports and 4 CSI-RS ports simultaneously without penalty for the Rel-8 UEs in most typical deployment scenarios or with a smart scheduler in atypical scenarios.
Proposal 4: 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

2.6 DCI format for transmission mode 9 with 1 CSI-RS port
The support of 1 CSI-RS port was agreed at RAN1 #62bis. A DL assignment using DCI format 2C could naturally be used in this case, at the expense of unnecessary overhead since only one transport block can be assigned to the UE. 
One could think of defining a shorter DCI format for allocating transmission mode 9 when one CSI-RS port is configured. Candidate DCI formats are 1 and 1A. It was already agreed that DCI format 1A is supported by a Rel-10 UE configured in transmission mode 9, and it could be redefined to fall back to a SIMO transmission if 1 CSI-RS port is configured. However, if 2 CRS ports are configured, DCI format 1A should instead assume TxD. Thus it may be preferable to reuse format 1 and redefine its measurements to take place on 1 CSI-RS instead of CRS. Then DL assignment of transmission mode 9 with SIMO would be signaled by DCI format 1, while TxD can be assigned by DCI format 1A if 2 CRS ports are configured.
A different approach was taken in Rel-9 for DCI format 2B whether 1, 2 or 4 CRS ports are configured, and in Rel-10 for DCI format 2C whether 2, 4 and 8 CSI-RS ports are configured. In both cases, the same fields are reused independently of the number of configured CRS or CSI-RS ports. Whether there is a need to further optimize the size of the DCI format in case 1 CSI-RS port is configured is unclear. It would be simpler for the UE implementation to always assume DCI format 2C for transmission mode 9.
Proposal 5: When a UE is configured in transmission mode 9 and 1 CSI-RS port is configured in the cell, the UE receives its DL assignment by DCI format 2C (or DCI format 1A for fallback to TxD).

2.7 Initialization of CSI-RS sequence

The CSI-RS sequence may be defined in a similar manner as the CRS sequence, with the exception that its length should be half that of the CRS sequence. A simple proposal is shown below.

The reference-signal sequence 
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Proposal 6: Adopt the CSI-RS sequence and initialization described above.

3 PDSCH Muting

It was agreed at RAN1#62bis that one value of subframe offset and duty cycle is signalled for all the muted resource elements, using one parameter (Muting offset and duty cycle) as captured in [2]. It should be noted that this parameter uses the same encoding as for the subframe offset and duty cycle of the CSI-RS, but is different than the parameter CSI reference signal duty cycle and offset. Hence the subframe offset and duty cycle of the muted REs can be configured independently of the subframe offset and duty cycle of the CSI-RS in the current agreements.
Additional remaining details on PDSCH muting are listed in the chairman’s notes [3] and shown below:
· 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

It was agreed at RAN1 #62bis that the UE may assume downlink CSI-RS EPRE is constant across the downlink system bandwidth and constant across all subframes until a new CSI-RS configuration message is received. Therefore, allowing muted REs and CSI-RS to be located in different subframes would not pose problems for the UE CQI estimation. The only impact is on the legacy UEs whose PDSCH would then be punctured not only in subframes with CSI-RS but also in other subframes. If constraining the muted REs to be located in subframes with CSI-RS is acceptable in terms of usage cases, then it would be preferable to adopt option 1.

Option 2 is suggested for handling the case where an aggressor cell with CSI-RS is protecting a victim cell with CSI-RS using a smaller duty cycle. Thus the muted REs should be configured with a smaller duty cycle than the CSI-RS in the aggressor cell. An alternative configuration could be to decrease the duty cycle of the CSI-RS in the aggressor cell to match the duty cycle of the CSI-RS in the victim cell. Even though this may not be necessary for the optimization of the feedback operation in the aggressor cell, it can only increase the accuracy of channel estimation. The aggressor cell does not even need to reconfigure the feedback period of Rel-10 UEs, so there is no impact on the feedback overhead. The increased CSI-RS overhead in the aggressor cell is negligible in comparison with the system capacity, since it would for example increase the data rate of CSI-RS from 22 kbps to 44 kbps in a 10 MHz bandwidth when going from 20 ms to 10 ms duty cycle. By doing so, the aggressor cell can ensure that the CSI-RS and muted REs are located in the same subframes, and it can protect the victim cell appropriately.
On the other hand, it should not be necessary to re-configure the CSI-RS just for the sake of fulfilling a constraint on muting, whereas it is natural to optimize the duty cycle of CSI-RS in separate cells according to specific requirements on user mobility. So even though option 1 would be able to take care of the above scenario by re-configuration of CSI-RS and muting in every cell, option 2 is still preferred so that muted REs can be located in subframes without CSI-RS. The restriction on the relationship between the duty cycle of the muted REs and duty cycle of the CSI-RS is not necessary as it can be ensured by implementation.
Proposal 7: Muted REs can be located in subframes without CSI-RS.
Being able to configure muted REs when CSI-RS are not configured in a cell (e.g. a macrocell) would allow that cell to help the channel estimation on CSI-RS in a victim cell (e.g. a picocell). This can be achieved by either configuring PDSCH muting for these CSI-RS locations, or to configure CSI-RS at these locations and transmit CSI-RS with zero power, the assumption being that in both cases there are no Rel-10 UEs configured in transmission mode 9 and that UEs in neighbour cells are not measuring the CSI-RS from this cell (e.g. there is no CoMP operation). More generally, several such picocells would require this help and thus several CSI-RS patterns would need to be muted simultaneously. This scenario can be handled by the agreed CSI-RS and muting signalling designs. Note that from the legacy UE viewpoint, configuring CSI-RS, muted REs without CSI-RS, or muted REs with CSI-RS with zero-power has a similar impact as configuring CSI-RS without muted REs. Being able to configure muted REs without CSI-RS is no different than being able to transmit CSI-RS with zero power, and it is always possible for an eNodeB to transmit CSI-RS with zero power if there is no expected measurement on CSI-RS.
Proposal 8: CSI-RS can be transmitted with zero power. PDSCH muting can be configured in a cell without CSI-RS.
4 Completion of CSI-RS and PDSCH Muting Specification

Contrary to CRS, CSI-RS locations and muted REs locations are not implicitly configured. Communication of CSI-RS and PDSCH muting configurations between eNBs by X2 interface needs to be specified to complete the specification of CSI-RS and PDSCH muting in Rel-10.
Proposal 9: Parameters of CSI-RS and PDSCH muting can be exchanged by X2 interface, including:
· Number of CSI-RS ports

· CSI-RS configuration index

· Subframe offset and duty cycle of CSI-RS (CSI-RS-SubframeConfig)
· PDSCH muting bitmap

· Subframe offset and duty cycle of muted REs

5 Conclusion

In this contribution, remaining details for signalling CSI-RS and muting were discussed. It was concluded that there is no need to support additional values of CSI-RS duty cycle as multiples of 4 ms. 
Observation: there is no need to support CSI-RS duty cycles as multiples of 4 ms since PDSCH muting can ensure appropriate protection of the CSI-RS in any subframe of a victim cell in HetNet.
The following are proposed:
· CSI-RS can be transmitted in almost blank subframes 

· CSI-RS transmission is performed full band. In the event of a collision between CSI-RS and PSS, SSS, or PBCH, the UE may assume that CSI-RS are not transmitted in the subframe (i.e. OFDM symbols) where the collision occurs.
· A Rel-10 UE can start assuming rate matching around the CSI-RS and muted REs as soon as it has decoded SIB2, assuming the configuration of CSI-RS and muted REs is conveyed in SIB2, i.e. rate matching will be effective from the first received DL assignment  with a PDSCH unicast transmission in any transmission mode when there is CSI-RS and/or muted REs in the scheduled resource blocks.
· 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.
· When a UE is configured in transmission mode 9 and 1 CSI-RS port is configured in the cell, the UE receives its DL assignment by DCI format 2C (or DCI format 1A for fallback to TxD).
· The CSI-RS reference-signal sequence 
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 is the slot number within a radio frame and l is the OFDM symbol number within the slot. The pseudo-random sequence 
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· Muted REs can be located in subframes without CSI-RS.
· CSI-RS can be transmitted with zero power.
· PDSCH muting can be configured in a cell without CSI-RS.
· The parameters of CSI-RS and PDSCH muting can be exchanged by X2 interface, including:

· Number of CSI-RS ports

· CSI-RS configuration index

· Subframe offset and duty cycle of CSI-RS

· PDSCH muting bitmap

· Subframe offset and duty cycle of muted REs
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