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1 Introduction

For one UE, the configured IMR should include at least one ZP CSI-RS configuration, as agreed in RAN1#69, and confirmed in RAN1 #70bis:

· RAN1#69: Each CSI is configured by the association of

· Channel part: one NZP CSI-RS resource in CoMP Measurement Set

· Interference part: One IMR which occupies a subset of REs configured as Rel-10 ZP CSI-RS

· RAN1#70bis: 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

· Note: Need to review this after concluding on question of dynamic ZP-CSI-RS. 
On PDSCH RE mapping, the following was agreed in RAN1 #70bis:

· 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

The remain issue is whether all the configured IMRs should be covered by all the configured ZP CSI-RS for a UE and how to map PDSCH if in a given subframe the configured IMR is not covered by the applicable ZP CSI-RS resource. This paper will discuss this remain issue and give related proposals.
2 Discussion
2.1 Candidate configurations of IMR and ZP CSI-RS

Multiple IMRs and multiple ZP CSI-RS configurations can be provided to one UE. The candidate configuration of IMRs and ZP CSI-RS configurations can be divided into four cases. One example is shown in Figure 1, with two configured IMRs and two ZP CSI-RS configurations for one UE:

· Case 1: IMR 1 is covered by both ZP CSI-RS configurations 1 and 2, and IMR2 is not covered by any ZP CSI-RS configuration
· Case 2: IMR 1 is covered by ZP CSI-RS configuration 1, and IMR2 is covered by ZP CSI-RS configuration 2

· Case 3: both IMR 1 and IMR 2 are covered by ZP CSI-RS configuration 1, and no IMR is covered by ZP CSI-RS configuration 2

·  Case 4: IMR 1 and IMR 2 are covered by both ZP CSI-RS configurations 1and 2

Among all the four cases, Case 1 is not compliant with the agreement in RAN1#70bis since IMR1 is not covered by any ZP CSI-RS configuration, while Cases {2, 3, 4} are all compliant with the agreement.
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Figure 1. Example of relation of configured IMRs and ZP CSI-RS configurations
2.2 PDSCH RE mapping
For discussion of PDSCH RE mapping, consider the compliant cases {2, 3, 4}. One example can be considered as in Figure 2. In this example, {TP1, TP2} can be used to transmit PDSCH to {UE1, UE2} with dynamic point selection, and {IMR1, IMR2} can be configured for each UE, as shown in Table 1. In Figure 2, IMRs are only represented where the TPs must mute according to the interference composition.
For the purpose of PDSCH rate matching, both Case 2 and Case 4 provide the correct rate matching pattern no matter which TP is selected to transmit the PDSCH. If Case 2 is configured, PDSCH rate matching is performed around IMR1 when TP1 is the transmission point or around IMR2 when TP2 is the transmission point. While if Case 4 is configured, PDSCH rate matching is performed around both IMR1 and IMR2 whatever TP is the transmission point.
But if Case 3 is used, PDSCH rate matching is performed around both the IMRs when one TP is the transmission point but there is no rate matching around any IMR when the other TP is the transmission point, so Case 3 cannot provide the minimum rate matching pattern (each TP must mute on at least one IMR in Figure 2) even though it complies with the current agreement. Thus, only Case 2 and Case 4 are proper configurations. Yet enforcing RRC configurations to be compliant with Case 2 and Case 4 would be complex to specify.
Observation: only Case 2 and Case 4 are proper network configurations.
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Figure 2. Example of RE mapping for two TPs
Table 1. Interference composition on the configured IMRs

	
	IMR1
	IMR2

	TP1
	Blanking
	Transmitting

	TP2
	Transmitting
	Blanking


2.3 Interference measurements
Case 4 can guarantee accurate interference measurement by implementation, where a TP transmits dummy signals on the corresponding IMR, even if Case 4 is not enforced in the specifications. However in Case 2, the PDSCH scheduled to a UE would be measured on the IMR as part of the interference measured by that UE. This will result in a very pessimistic interference measurement, because beamforming maximizes the received power. Moreover if two UEs are paired in a MU-MIMO transmission, the UE would measure the total MU-MIMO received power rather than just the received power from the paired UE. A similarly bad situation was noted earlier for Case 3.
Some ways of coping with the collisions of the scheduled PDSCH with an IMR configured to the same UE were discussed in RAN1#70bis, focusing on rate matching the PDSCH around the IMRs. Other solutions that do not increase the overhead should also be considered. The solutions are basically categorized as below:
· Alt 1: PDSCH is transmitted on the colliding REs

· Alt 1-1: the UE takes the interference measurement and decodes the PDSCH

· Alt 1-2: handle as a case where the UE does not take the interference measurement

· Alt 2: PDSCH is not transmitted on the colliding REs

· Alt 2-1: define rate matching around IMR independently of ZP CSI-RS

· Alt 2-2: define rate matching around multiple ZP CSI-RS configurations

The solutions in Alt2 require defining new rate matching rules. Considering the specifications impact and UE complexity, but mostly that configuring ZP CSI-RS as in Case 4 already provides a good solution for rate matching around IMRs, there is no need to consider new rate matching rules. Solutions under Alt1 should be considered instead. As discussed earlier, Alt1-1 would provide very pessimistic interference measurements. Therefore, Alt1-2 is preferred.
Proposal: A UE does not measure interference on IMR REs that collide with its scheduled PDSCH.
3 Conclusions
This paper discusses the relation of configured ZP CSI-RS configurations and IMRs and how to perform PDSCH RE mapping. It was observed that some ZP CSI-RS configurations that comply with the agreement that an IMR is covered by at least one ZP CSI-RS configuration would still not provide adequate rate matching. Therefore, in order to prevent pessimistic interference measurements, the following is proposed:
Proposal: A UE does not measure interference on IMR REs that collide with its scheduled PDSCH.











































































