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1 Introduction

It was observed at the RAN1 61bis meeting that CSI-RS with PDSCH muting improves the inter-cell channel measurement performance and the CoMP UE throughput performance in comparison with CSI-RS without PDSCH muting and CRS. Thus muting is beneficial for CoMP schemes that requires inter-cell measurement in the future release. It was also pointed out that since muting requires to drop more data REs in addition to CSI-RS REs, the introduction of muting in a future release (>Rel-10) would cause negative impact on Rel-10 UEs, in a similar manner that Rel-8/9 legacy UEs are affected by muting in Rel-10 [1].

In the RAN1 62 meeting, the specification impact of muting was discussed, and several contributions showed that only minimal impact on the specifications would be incurred by specifying PDSCH muting in Rel-10 [2-9]. This contribution introduces a complete and simple proposal for specifying PDSCH muting. At the same time, it clarifies the expected eNodeB and UE behaviors when muting is configured. Considering the difficulty of predicting all the scenarios that may benefit from muting (e.g. different CoMP configurations, heterogeneous networks), the proposal allows some flexibility while not attempting to optimize for all usage cases.

2 Discussion on the impact of specifying PDSCH Muting in Rel-10

The eNB should be able to turn on/off muting function based on the network deployment, traffic, UE capabilities, etc. For example, in the initial stage when there are few Rel-10 UEs, muting can be turned off to reduce the impact on legacy UEs; in later stage when there are many Rel-10 UEs, muting can be turned on to facilitate the serving cell measurement or measurements in heterogeneous networks, especially for cell edge UEs; in the future release, muting is turned on for inter-cell measurement for CoMP schemes.

Proposal 1: 
· Muting of PDSCH REs is configurable in a cell-specific manner
· PDSCH muting can be configured whether or not CSI-RS are configured in the cell

· Muting configuration is signalled via higher-layer
· Recommend that the muting configuration is signalled in the same message as the configuration of the CSI-RS
In addition, the specification of PDSCH muting requires:

· Rate matching around the muted REs by Rel-10 UEs

· Signaling to be introduced to inform the UEs of the muted PDSCH REs locations

· Intra-subframe location

· Subframe offset

· Duty cycle

Furthermore, RAN1 may clarify the expected eNodeB and UE behaviors when muting is configured in a Rel-10 network with Rel-10 UEs:

· The expected behavior of the Rel-10 eNodeB is to send no power on muted REs, to inform the UEs of the PDSCH muting configuration, to perform rate matching around the muted REs in unicast transmissions to Rel-10 UEs, and to puncture the PDSCH on muted REs in transmissions to Rel-8/9 UEs.

· The expected behavior of the Rel-10 UE is to assume rate matching around the muted REs in its downlink assignment when muting is configured in the cell. All other aspects of the UE behavior related to the usage of CSI-RS are independent of the muting configuration, and are completely specified in the CSI-RS signaling.

In particular, in order to keep the expected Rel-10 UE behavior as simple as possible as described above, it is preferable not to specify additional parameters in relation to the UE assumption on PDSCH EPRE for CQI computation for the sole purpose of optimizing when muting is configured. This includes cases where the eNodeB may reuse the muted RE power for boosting the CSI-RS. It is the responsibility of the eNodeB to configure the power offset parameter in the CSI-RS signaling to offer an accurate assumption for the CQI computation based on all CSI-RS transmitted by the eNodeB, and the UE can assume that the CSI-RS transmission power is the same in every subframe, independently of the muting configuration.

Proposal 2: When muting of PDSCH REs is configured
· A Rel-10 UE shall assume PDSCH rate matching around the muted REs (after UE capability, i.e. its release, is known by the eNB) for all unicast PDSCH transmissions in any transmission mode

· A UE may assume downlink CSI-RS EPRE is constant across the downlink system bandwidth and constant across all subframes until different CSI-RS information is received, independently of the PDSCH muting configuration.
3 Proposed specification of PDSCH muting

Signaling the intra-subframe location of muted PDSCH REs

A good compromise between signalling overhead, the number of muting patterns, the number of resource elements mapping patterns when rate matching is applied, and the flexibility of muting different resource elements, can be obtained by signalling the location of muted resource elements in clusters corresponding to 4-port CSI-RS configurations. This can be simply done with a 16-bit bitmap where each bit corresponds to one of the 16 available CSI-RS configurations for 4 CSI-RS ports. An example is shown in Figure 1, where the top figures give an example of enumeration of the CSI-RS configurations for 4 CSI-RS ports, and the bottom figure shows the PDSCH transmission in normal cyclic prefix where 6 resource elements are muted.

Proposal 3: 
· 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, i.e. bit x corresponds to CSI configuration with index x, where x=0… 15.

· All REs used in a 4-port CSI-RS configuration set to 1 are muted, 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

Fig.1 Example of Muting REs signalling with a bitmap based on 4-ports CSI-RS configuration index
Muting subframe offset and duty cycle

Once the intra-subframe location of muted REs is known, their subframe offsets and duty cycles also need to be informed to the UEs. The signaling should at least support the subframe offset and duty cycle of the muted REs to be the same as the subframe offset and duty cycle of the CSI-RS. Additionally, it is likely that different cells will have different CSI-RS duty cycles in heterogeneous networks, where a picocell may have a longer CSI-RS period than the macrocell since the macrocell needs to support higher speed UEs. Thus from the viewpoint of the macrocell, the muting duty cycle could have a longer period than that of the CSI-RS. It is preferable for simplicity to reuse the same joint encoding of subframe offset and duty cycle as for the CSI-RS signalling. Thus it is proposed that one value of subframe offset and duty cycle is signalled with the bitmap that signals the intra-subframe location of the muted REs.

Proposal 4: 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.
4 Conclusions
This contribution proposes a complete solution for the specification of PDSCH muting in Rel-10. The proposal is summarized below. The exact text proposals for TS 36.211 and TS 36.213 are provided in Annexes.

Proposal: 
· Muting of PDSCH REs is configurable in a cell-specific manner
· PDSCH muting can be configured whether or not CSI-RS are configured in the cell

· Muting configuration is signalled via higher-layer

· Recommend that the muting configuration is signalled in the same message as the configuration of the CSI-RS

· When muting of PDSCH REs is configured

· A Rel-10 UE shall assume PDSCH rate matching around the muted REs (after UE capability, i.e. its release, is known by the eNB) for all unicast PDSCH transmissions in any transmission mode

· A UE may assume downlink CSI-RS EPRE is constant across the downlink system bandwidth and constant across all subframes until different CSI-RS information is received, independently of the PDSCH muting configuration.
· 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, i.e. bit x corresponds to CSI-RS configuration with index x, where x=0… 15.

· All REs used in a 4-port CSI-RS configuration set to 1 are muted, 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.
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Annex 1 – Text Proposal for TS 36.211 (based on R1-105096)

The text proposal is in underlined blue. The text in orange and grey are modifications proposed to TS 36.211 in the CR R1-105096.

6.3.5
Mapping to resource elements

For each of the antenna ports used for transmission of the physical channel, the block of complex-valued symbols 
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 shall be mapped in sequence starting with 
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 to resource elements 
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 which meet all of the following criteria: 

-
they are in the physical resource blocks corresponding to the virtual resource blocks assigned for transmission, and 

-
they are not used for transmission of PBCH, synchronization signals, cell-specific reference signals, MBSFN reference signals or UE-specific reference signals, and

-
they are not used for transmission of CSI reference signals if instructed by the scheduler to skip resource elements for CSI reference signals, and
-
they are not used as muted resource elements if instructed by the scheduler to skip resource elements for PDSCH muting, and
-
the index 
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 in the first slot in a subframe fulfils 
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 is given by Section 7.1.6.4 of [4].
they are not in an OFDM symbol used for PDCCH as defined in section 6.7. 

The mapping to resource elements 
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 on antenna port 
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 not reserved for other purposes shall be in increasing order of first the index 
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 over the assigned physical resource blocks and then the index
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, starting with the first slot in a subframe. 

6.4
Physical downlink shared channel

The physical downlink shared channel shall be processed and mapped to resource elements as described in Section 6.3 with the following exceptions:

-
In resource blocks in which UE-specific reference signals are not transmitted, the PDSCH shall be transmitted on the same set of antenna ports as the PBCH, which is one of  
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-
In resource blocks in which UE-specific reference signals are transmitted, the PDSCH shall be transmitted on antenna port(s)
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 is the number of layers used for transmission of the PDSCH.

-
The PDSCH may be transmitted in MBSFN subframes not used for PMCH transmission in which case the PDSCH shall be transmitted on one or several of antenna port(s) 
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 is the number of layers used for transmission of the PDSCH.
6.4.1. 
PDSCH muting

The UE shall assume PDSCH is not transmitted in muted resource elements. The position of the muted resource elements is specified by a bitmap parameter mutingConfiguration configured by higher layer signalling. PDSCH muting shall be assumed by the UE receiving unicast PDSCH transmissions in any relevant subframe as configured by higher layer signalling. The bitmap forms the bit sequence a15,…,a2,a1,a0 where a0 is the LSB and a15 is the MSB and where a bit value of one indicates that the resource elements corresponding to the bit are muted. The association of bits to resource elements is given in Table 6.4.1-1, where the resource elements are indexed by the CSI Reference Signal Configuration for four ports. If resource elements corresponding to the configured CSI-RS are signaled in the bitmap, the UE shall assume that these resource elements are not muted but that CSI-RS are transmitted on these resource elements.

Table 6.4.1-1: Association of bits in mutingConfiguration bitmap to resource elements.

	CSI Reference Signal Configuration
	bit in mutingConfiguration

	0
	a0

	1
	a1

	2
	a2

	3
	a3

	4
	a4

	5
	a5

	6
	a6

	7
	a7

	8
	a8

	9
	a9

	10
	a10

	11
	a11

	12
	a12

	13
	a13

	14
	a14

	15
	a15


The periodicity Nmuting (in subframes) and offset Noffset,muting (in subframes) of muted resource elements are determined based on the parameter muting-ConfigIndex (Imuting cycle, subframe offset) configured by higher layer signalling.

Table 6.4.1-2: Mapping of Imuting cycle, subframe offset to Nmuting and Noffset,muting.

	Imuting cycle, subframe offset
	Value of Nmuting
	Value of Noffset,muting

	Imuting cycle, subframe offset ≤ 4
	5
	Imuting cycle, subframe offset

	5 ≤ Imuting cycle, subframe offset ≤ 14
	10
	Imuting cycle, subframe offset - 5

	15 ≤ Imuting cycle, subframe offset ≤ 34
	20
	Imuting cycle, subframe offset - 15

	35 ≤ Imuting cycle, subframe offset ≤ 74
	40
	Imuting cycle, subframe offset - 35

	75 ≤ Imuting cycle, subframe offset ≤ 154
	80
	Imuting cycle, subframe offset - 75


Annex 2 – Text Proposal for TS 36.213 (based on R1-105111)

The text proposal is in underlined blue. The text in orange shows modifications proposed to TS 36.213 in the CR R1-105111. […] denotes text that is unchanged.

5.2
Downlink power allocation 
[…]
For transmission mode 9, if UE-specific RSs are present in the PRBs upon which the corresponding PDSCH is mapped, the UE may assume the ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol containing UE-specific RS is 0 dB for rank less than or equal to two and -3 dB for rank greater than two. The UE may assume downlink CSI-RS EPRE is constant across the downlink system bandwidth and constant across all subframes until different CSI-RS information is received.

[…]
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