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1 Introduction

The conclusions on PDSCH rate matching at the RAN1#70bis meeting [1] are listed as follows:
	Agreement: Include in the specification, and inform RAN2, that the UE is not expected to receive (or the higher layer signalling does not allow the UE to receive) an IMR configuration which is not covered by one (or more – FFS) ZP-CSI-RS configuration for the UE


	Agreement:

· Irrespective of the UE’s capability in terms of number of supported CSI processes, more than one ZP CSI-RS configuration can be configured for a Rel-11 UE

· In a given subframe, one of the configured ZP CSI-RS configurations (except possibly in the case marked * below) is applied for PDSCH rate matching

· When scheduled by DCI Format 2D/C in TM10, which of the configured ZP CSI-RS configurations is applied for PDSCH rate matching in a given subframe is indicated by DCI

· FFS whether:

· all configured ZP CSI-RS configurations must cover the configured IMRs for a UE, or

· *: if in a given subframe the configured IMR is not covered by the applicable ZP CSI-RS resource, 

· the PDSCH rate matching is performed according to one or more ZP-CSI-RS resource(s) and/or the IMR

· One ZP CSI-RS configuration is identified by higher layer signalling as the ZP-CSI-RS configuration that the UE assumes for PDSCH rate matching and RE mapping when scheduled with the fallback DCI format 1A in TM10

· If only one ZP CSI-RS configuration is configured for the UE, it is assumed by the UE for PDSCH rate matching and RE mapping when scheduled with the fallback DCI format 1A in TM10


	Agreement: 

Default values are suggested in case RAN2 decides to specify default values. 

· Each state that can be signaled in DCI format 2D/C for TM10 corresponds to a higher-layer list of parameters:

· One number of CRS ports {1, 2, 4, and a reserved value that has no Rel-11 UE behaviour attached to it}, one CRS frequency shift, and one MBSFN subframe configuration 

· By default: the CRS and MBSFN configuration of the serving cell

· One configuration of ZP CSI-RS

· By default: the ZP CSI-RS configuration which the UE assumes for PDSCH rate matching and RE mapping when scheduled with the fallback DCI format 1A in TM10

· PDSCH starting symbol: one value N = {0 or reserved value (FFS),1,2,3,4 (only for system BW of <=10PRBs),PCFICH of serving cell in case of non-cross-scheduling or higher-layer configured value in case of cross-carrier scheduling}

· In MBSFN subframe (according to the DCI-indicated MBSFN subframe configuration): min(2,N). Otherwise: N.

· By default: the starting position of PDSCH indicated by PCFICH of the serving cell in case of non-cross-scheduling or higher-layer configured value in case of cross-carrier scheduling

· FFS whether some handling is needed for an indicated starting symbol earlier than the end of the PDCCH in the serving cell


The agreement listed at first is actually a further clarification for the agreement of IMR definition [2][3]:
· IMR configuration:
· Each IMR is configured independently with a R10 subframeConfig and a R10 resourceConfig, where resourceConfig is for 4 REs

· All the IMRs configured for one UE shall together use only REs which can be configured as a single R10 ZP CSI-RS resource configuration. 

Thus, one IMR configuration must be covered by one (or more -FFS) ZP CSI-RS configuration(s). But the covering ZP CSI-RS configuration may not be included in the applicable ZP CSI-RS resource for a UE, which corresponds to an FFS case mentioned in the agreements listed in the second box above. From such an agreement, although more than one ZP CSI-RS configuration can be configured for a UE, in a given subframe only one ZP CSI-RS configuration is applied for PDSCH rate matching except the FFS case that the configured IMR is not covered by the applicable ZP CSI-RS resource.

From the agreement listed in the third box above, each state in DCI format 2D for TM10 includes one ZP CSI-RS configuration. But IMRs are not explicitly indicated by DCI format 2D.
For convenience, we recapture the terminologies for ZP CSI-RS and IMR as follows:
· “an IMR configuration”: A ZP CSI-RS pattern including 4-RE CSI-RS pattern that is defined by a Rel-10 subframeConfig (integer from 0 to 154) and a Rel-10 resourceConfig (integer from 0 to 15) [3][4];

· “one ZP CSI-RS configuration”: A set of ZP CSI-RS patterns, which is determined by a zeroTxPowerResourceConfigList (16-bit bitmap as in Rel-10) and a zeroTxPowerSubframeConfig (integer from 0 to 154 as in Rel-10);

· “the applicable ZP CSI-RS resource”: All ZP CSI-RS configuration(s) configured to a UE, which covers not only IMRs but also other ZP CSI-RS patterns.
In this contribution, we will discuss the remaining details for PDSCH rate matching related to ZP CSI-RS and IMRs:
· whether an IMR configuration can be covered by more than one ZP CSI-RS configurations;
· whether the configured IMR is allowed not to be covered by the applicable ZP CSI-RS resource in a subframe.
2 Discussion
2.1 The configuration of one IMR
In this section, we will discuss the question of whether an IMR configuration can be covered by more than one ZP CSI-RS configurations.
The PDSCH rate matching for any of ZP CSI-RS configurations will have the proper PDSCH rate matching for the covered IMR configuration. Thus, it is not problematic for rate matching, as an IMR configuration is covered by more than one ZP CSI-RS configuration.
However, it is not clear whether it is necessary to allocate an IMR configuration to multiple ZP CSI-RS configurations. It seems to be the case that multiple different ZP CSI-RS configurations cover an IMR configuration dynamically in time domain or in frequency domain. However, for this “dynamic covering”, we may also use a “larger” ZP CSI-RS configuration to cover these multiple different ZP CSI-RS configurations. The “larger” ZP CSI-RS configuration can cover these multiple different ZP CSI-RS configurations definitely, since the parameter of zeroTxPowerResourceConfigList can cover all REs of CSI-RS indicated by resourceConfig in a subframe, and the parameter of zeroTxPowerSubframeConfig can cover all subframes indicated by subframeConfig. One may argue that if the IMR is hopped in time domain [5] [6], using a “larger” ZP CSI-RS configuration to cover an IMR may causes the over puncturing problem. However, it has been agreed that any form of IMR hopping is not supported in Rel-11. Thus, we cannot find a type of IMR that cannot be covered by any one ZP CSI-RS configuration.
Moreover, the dynamic covering is not so applicable from the perspective of DCI signaling. It is noted that, the ZP CSI-RS configuration can be changed according to DCI format 2D (note that the selected TP is implicitly indicated by 4 states in DCI format 2D), but this is caused by the switching of TP (due to DPS or JT) rather than the change of ZP CSI-RS configuration for dynamically covering an IMR configuration. In other words, if the dynamic covering occupies one or more states of DCI format 2D, the problem of lack of states will get worse, since there are only four states that have been almost fully occupied by the implicit indication of TP selection. Furthermore, using two ZP CSI-RS configurations will potentially increase the RRC configuration overhead.
Therefore, it is not necessary to allocate an IMR configuration to multiple ZP CSI-RS configurations.
Proposal 1: An IMR configuration is only covered by one ZP CSI-RS configuration.

2.2 The uncovered IMR
In this section, we will discuss the question of whether the configured IMR is allowed not to be covered by the applicable ZP CSI-RS resource in a subframe. It deals with the FFS case:
· FFS whether:

· all configured ZP CSI-RS configurations must cover the configured IMRs for a UE, or

· *: if in a given subframe the configured IMR is not covered by the applicable ZP CSI-RS resource, 

· the PDSCH rate matching is performed according to one or more ZP-CSI-RS resource(s) and/or the IMR

The uncovered-IMR here means the configured IMR is not covered by the applicable ZP CSI-RS resource.
If the configured IMR could not be covered by the applicable ZP CSI-RS resource, the UE can perform the PDSCH rate matching according to the following configurations:

· Conf-1: the ZP CSI-RS configuration(s) for the UE;

· Conf-2: the IMRs for the UE;

· Conf-3: the ZP CSI-RS configuration(s) and IMRs for the UE.

For Conf-1, the PDSCH rate matching will neglect the uncovered IMR(s) that should be considered in rate matching in a given subframe, which will lead to performance degradation. For Conf-2/3, we have two alternatives to perform the rate matching:

· Alt-1: Indicate all IMRs configured to the UE;

· Alt-2: Dynamically indicate the IMR muted from the selected TP(s) by DCI format 2D.
For Alt-1, the muting configuration for IMR is TP-specific as mentioned in [7]. As the example of 2-TP CoMP in [8], if each of two IMRs is used to measure interference from all TPs except the serving TP, IMR of TP1 and IMR of TP2 will occupy different RE locations. In case of DPS scheme, if we perform the rate matching as Alt-1, an IMR not from the selected TP will be inappropriately treated as muted.
For Alt-2, we need to revisit the agreement for the content of each state in DCI format 2D, since IMR is not included in the content.
From the above analysis, we think that neither Conf-2 nor Conf-3 is appropriate.

On the contrary, if the configured IMR(s) could be covered by the applicable ZP CSI-RS resource, i.e. the uncovered-IMR is not allowed, the UE can perform the proper rate matching for the applicable ZP CSI-RS resource including the IMR(s) configured to the UE. In this case, there is no performance degradation.
Therefore, we suggest:
Proposal 2: In a subframe, all configured ZP CSI-RS configurations should cover the configured IMRs for a UE.

3 Conclusion
In this contribution, we discussed the remaining details for PDSCH rate matching concerning ZP CSI-RS and IMRs, and have the following proposals:
Proposal 1: An IMR configuration is only covered by one ZP CSI-RS configuration.
Proposal 2: In a subframe, all configured ZP CSI-RS configurations should cover the configured IMRs for a UE.
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