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Discussion and Decision
1. Introduction
In the RAN1 #70bis meeting, it was agreed that 
· 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 configured ZP-CSI-RS configurations is applied for PDSCH rate matching by DCI format 2D. 
Up to 4 states can be configured for a CoMP UE by RRC signaling. Each state signaled in DCI format 2D for TM10 has been preconfigured with a list of parameters including one ZP-CSI-RS configuration and other relevant parameters per state. 
Remaining questions for PDSCH rate matching at TM10 are whether PDSCH rate matching in TM10 should be performed according to more than one ZP-CSI-RS configurations and/or additional IMR configurations. In this contribution we share our views regarding to the mechanism of PDSCH rate matching signalling. 
2. PDSCH Rate Matching with CSI-IMs
A 16-bit bitmap has been defined in Rel 10 and each bit is set to be one ZP-CSI-RS corresponding to 4 REs. The ZeroTxPowerCSI-RS-Configuration in Rel 10 is defined as follows:

zeroTxPowerCSI-RS-r10

CHOICE {



release





NULL,



setup





SEQUENCE {




zeroTxPowerResourceConfigList-r10
BIT STRING (SIZE (16)),




zeroTxPowerSubframeConfig-r10

INTEGER (0..154)



}

Therefore a Rel-10 UE can rate match around more than one ZP-CSI-RSs, up to 10 ZP-CSI-RSs and 40 REs, once such ZeroTxPowerCSI-RS-Configuration is indicated to the UE. It was agreed in RAN1 that the REs of a CSI-IM resource are REs which can be configured as a ZP CSI-RS resource. More than one ZP-CSI-RSs can be packed into one ZeroTxPowerCSI-RS-Configuration provided that these ZP-CSI-RSs share the same periodicity and subframe offset, in other words, a same value of zeroTxPowerSubframeConfig-r10.  A Rel 11 UE is expected to follow similar design principle. 
Observation 1:
One ZeroTxPowerCSI-RS-Configuration can cover up to 10 ZP-CSI-RSs/CSI-IMs for PDSCH rate matching as long as these ZP-CSI-RSs/CSI-IMs share same periodicity and subframe offset. 

Some REs are muted from some TPs due to specific interference hypothesis required by the network implementation and thereafter measured by the CoMP UE through a configured CSI-IM resource. Therefore the pattern of RE muting/ZeroTxPower at a subframe should be conveyed to a CoMP UE by either ZeroTxPowerCSI-RS-Configuration(s), or ZeroTxPowerCSI-RS-Configuration(s) plus CSI-IM-Configuration(s). However for a Rel 10 UE, such pattern of RE muting is indicated by a single ZeroTxPowerCSI-RS-Configuration. 
To facilitate following discussion, a simple example of DPS with 2 TPs and dynamic switching is shown in Figure 1. 
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Figure 1 DPS 

We consider two cases: DPS without blanking, and DPS with blanking. 

2.1. DPS without Blanking

In the case of DPS without blanking, when TP1 is transmitting to UEA, TP2 can be transmitting to another UE on the same resources; similarly, when TP2 is transmitting to UEA, TP1 can be transmitting to another UE on the same resources. 

To support DPS without blankingtwo CSI processes need to be configured for UEA as follows:
· CSI process #1: 

· NZP-CSI-RS transmitted from TP1 and measured by NZP-CSI-RS #1;

· Interference transmitted from TP2 and outside CoMP cluster and the interference plus noise is measured by CSI-IM # 1;

· CSI process #2: 
· NZP-CSI-RS transmitted from TP2 and measured by NZP-CSI-RS #2;

· Interference transmitted from TP1 and outside CoMP cluster and the interference plus noise is measured by CSI-IM # 2;

To elaborate these configurations of NZP-CSI-RS, ZP-CSI-RS and CSI-IM, examples are shown in Figures 2 and 3 which are for a subframe in which TP1 is transmitting PDSCH to UEA within some PRBs.  In Figure 2, the PDSCH for UEA is not rate matched around CSI-IM #2 in the current subframe.  On the other hand, in Figure 3 the PDSCH for UEA is rate matched around both CSI-IM # 1 and CSI-IM #2 in the current subframe. By comparing Figures 2 and 3, if configured for UEA, we analyze whether the CQI reporting of CQI1 and CQI2 can be sufficient to support DPS without blanking. 
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Figure 2 Configuration A of NZP-CSI-RS, ZP-CSI-RS and CSI-IM 
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Figure 3 Configuration B of NZP-CSI-RS, ZP-CSI-RS and CSI-IM

· CQI1 Reporting
To measure properly the interference from TP2 and conduct CQI1 estimation, 4 REs associated with CSI-IM #1 should be muted for all UEs served by TP1 including UEA. Otherwise, the interference part measurement from CSI-IM#1 would be mixed with the transmission from TP1 and lead to a pessimistic CQI estimation. Consequently it is necessary to indicate such RE muting (4 REs associated with CSI-IM # 1) to all CoMP UEs and legacy UEs served by TP1. 
For a similar reason, 4 REs from CSI-IM #2 should be muted for all UEs served by TP2. 

· CQI2 Reporting
The CQI2 is expected to measure an interference hypothesis so that UEA can be switched to TP2 with sufficient confidence of channel condition, for example, CQI2 > CQI1. So the interference hypothesis of CQI2 should represent a correct interference level from TP1 after UEA stop receiving PDSCH from TP1 and is switched to TP2. However since UEA is receiving PDSCH from TP1 at the current subframe, a remaining question is whether the PDSCH of UEA must rate match around CSI-IM #2 (for example in Figure 3) or must not rate match around CSI-IM #2 (for example in Figure 2). 
If the PDSCH of UEA is rate matched around CSI-IM #1 only, and not around CSI-IM #2, as shown in Figure 2, the interference measurement from CSI-IM #2 is an averaged received power including PDSCH transmission of UEA within some PRBs assigned to UEA, and any kinds of transmission within other PRBs from TP1 assigned to other UEs. Hence such interference measurement may lead to a pessimistic estimation of CQI2 for UEA, because if UEA is switched to TP2, the scheduler at TP1 would preferably try to avoid using the precoder that would have been preferred by UEA if it was still receiving its PDSCH from TP1 (the worst companion from UEA perspective once it has been switched to TP2). The worst/most pessimistic case is that PDSCH of UEA occupies the whole bandwidth, then the interference measurement from CSI-IM #2 is nothing but own PDSCH transmission for UEA. 

The impact of such pessimistic CQI2 reporting is mitigated by the fact that the interference estimation is across the whole bandwidth, since in practice UEA receives PDSCH only within a fraction of the resources.  
In Figure 3, the PDSCH of UEA is rate matched around both CSI-IM #1 and #2 no matter from which TP the UE is receiving PDSCH. If the same CSI-IM #2 is not assigned to any other UE, the interference measurement from CSI-IM #2 is the averaged received power of any kinds of transmission within other PRBs from TP1 assigned to other UEs. However, since there are not enough CSI-IM resources to be able to assign a different CSI-IM resource to every UE in the cell, we assume that TP1 will have multiple CoMP UEs which share same configurations of CSI-IM #1 and #2. The interference measurement from CSI-IM #2 will then be too optimistic by using the configuration shown in Figure 3 because no CoMP UE is allowed to transmit PDSCH within 4 REs associated with CSI-IM #2 at TP 1.  The most optimistic case is that CoMP UEs configured with CSI-IM #2 occupy the whole bandwidth, and then the interference measurement from CSI-IM #2 will not measure any interference from TP1 at all, but only transmissions from outside of the cooperating transmission points TP1 and TP2. 

In summary, configurations shown in Figure 2 and 3 can be pessimistic or optimistic for the CQI2 reporting, if UEA is receiving PDSCH from TP1. But, assuming that multiple UEs will be configured with the same CSI-IM resources, the configuration shown in Figure 2 where PDSCH is not rate-matched around the CSI-IM resources that are not covered by ZP-CSI-RS resources gives more realistic and useful interference measurements. 

Finally, it should be noted that, if the specification does not rate-match the PDSCH around CSI-IM resources that are not covered by the ZP-CSI-RS resource(s) indicated by DCI format 2D, the network is free to control whether the PDSCH for UEA should be rate matched around CSI-IM #1, or CSI-IM #2, or both at current subframe:

· if the network configures all the ZP-CSI-RS resources for a UE to cover all the CSI-IM resources, the PDSCH will always be rate-matched around the CSI-IM resources;

· if the network configures a UE with a CSI-IM resource that is not coverd by a ZP-CSI-RS resource, the PDSCH will be transmitted in that CSI-IM resource. 
The network has sufficient knowledge of UE traffic, resource allocation and other relevant scheduling information to make this decision. 
2.2. DPS with Blanking

In the case of DPS with blanking, when TP1 is transmitting to UEA, TP2 does not transmit to any other UE on the same resources; similarly, when TP2 is transmitting to UEA, TP1 does not transmit to any other UE on the same resources. 

To support DPS with blanking, the two CSI processes need to be configured for UEA as follows:

· CSI process #1: 

· NZP-CSI-RS transmitted from TP1 and measured by NZP-CSI-RS #1;

· Interference from outside CoMP cluster and the interference plus noise is measured by CSI-IM # 1;

· CSI process #2: 
· NZP-CSI-RS transmitted from TP2 and measured by NZP-CSI-RS #2;

· Interference from outside CoMP cluster and the interference plus noise is measured by CSI-IM # 2;

In this example, REs associated with CSI-IM #1 and #2 have to be muted from both TP 1 and TP2.  The interference part for CQI1 and CQI2 will therefore both measure only interference outside the CoMP cluster. To mitigate the impact for legacy UEs, CSI-IM #1 and #2 shall be covered by a single ZeroTxPowerCSI-RS-Configuration which can be signaled to all legacy UEs and CoMP UEs. Therefore a single ZeroTxPowerCSI-RS-Configuration is sufficient for DPS with blanking and CQI reporting at the expense of 8 REs at both TP1 and TP2. Note that such 8 REs at any PRB related to CSI-IM #1 and #2 cannot be used for UEs served by TP1 and TP2. 
2.3. Conclusions for PDSCH Rate matching in TM  10
The analysis in previous sections shows that if one or more CSI-IMs for a CoMP UE are not covered by ZeroTxPowerCSI-RS-Configuration (s) at current subframe, and the PDSCH is not rate-matched around these CSI-IMs, it is possible that the CQI reporting might be pessimistic. However, if multiple UEs are assigned the same CSI-IM configurations, which is likely to be the case, the CQI reporting should be realistic. 

On the other hand, if PDSCH always has to be rate-matched around CSI-IMs for a CoMP UE the CQI reporting will be optimistic unless dynamic blanking is enforced in the scheduler. 
Therefore it should be up to network implementation to control whether PDSCH is rate matched around CSI-IMs or not, by deciding whether or not to configure ZP-CSI-RS resources that cover all the CSI-IM resources. The network can conduct its own CQI compensation if needed. 
Therefore we propose the following:

Proposal 1:

The network should have freedom to determine whether CSI-IMs configured for a CoMP UE are covered by ZeroTxPowerCSI-RS-Configuration (s) or not at each state of DCI format 2D. 
Proposal 2:

PDSCH rate matching and RE mapping shall only be done around configured ZP-CSI-RS resources. Configured CSI-IM resources shall not affect the PDSCH rate matching and RE mapping.  
3. Number of ZeroTxPowerCSI-RS-Configurations Per state in DCI Format 2D

Within the RAN1 meeting 70bis, it was agreed that each state of DCI format 2D has one configuration of ZP-CSI-RS, e.g. zeroTxPowerCSI-RS-Configuration, for PDSCH rate matching. There are several scenarios which may require more than one configurations of ZP-CSI-RS for some states of DCI format 2D. 
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Figure 4 Configuration A of NZP-CSI-RS, ZP-CSI-RS and CSI-IM 

A simple example is shown in Figure 4 where a ZP-CSI-RS # 3 is also covered by a zeroTxPowerCSI-RS-Configuration and indicated to the CoMP UE.  RE muting associated with ZP-CSI-RS #3 may arise from another CoMP cluster which also includes TP1 as a cooperating TP. However, the configurations of NZP-CSI-RS, ZP-CSI-RS, and CSI-IM for another CoMP cluster or for other CoMP UEs are unknown by UEA, and the RE muting pattern will therefore be packed into some ZP-CSI-RSs, e.g. ZP-CSI-RS #3, and signaled into UEA thereafter.  Since ZP-CSI-RS #3 comes from a different CoMP cluster, it may have a different periodicity or subframe offset from CSI-IM #1.  Note that in a given periodicity and subframe offset at most 40 REs can be used and shared among the configurations of NZP-CSI-RSs and CSI-IMs.  Hence two zeroTxPowerCSI-RS-Configuration are needed to cover both CSI-IM #1 and ZP-CSI-RS #3 in Figure 4.  It seems to be more flexible to support more than one configurations of ZP-CSI-RS per state in DCI format 2D, especially for the scenario that one TP is associated with more than CoMP clusters. 
Another example could be if 3 CSI-IM configured for a CoMP UE are not aligned, for example with different subframe offset, CSI-IM #1 is to measure TP1 with muted TP2, CSI-IM#2 is to measure TP2 with muted TP1, and CSI-IM #3 is to measure outside TP1&TP2 with muted TP1 and muted TP2. For this example, TP1 may require two configurations of ZP-CSI-RS corresponding to CSI-IM #2 and CSI-IM #3 because they have different subframe offsets or values of zeroTxPowerSubframeConfig-r10.  Although CSI-IM #2 and CSI-IM #3 occur in different subframes, it seems to be easier to configure up to 2 configurations of ZP-CSI-RS instead of re-configuring the state associated with TP1 subframe by subframe or occupying two states for TP1.  So the PDSCH of the UE should rate match around up to two configurations of ZP-CSI-RS per state at TM10.  
Proposal 3:

Each state in DCI format 2D can support up to 2 zeroTxPowerCSI-RS-Configurations, which are both taken into account for PDSCH rate matching and RE mapping. 
4. Summary

In this contribution, we have discussed our views of CoMP TM10 regarding to PDSCH rate matching. Therefore we make the following proposals:
Observation 1:

One ZeroTxPowerCSI-RS-Configuration can cover up to 10 ZP-CSI-RSs/CSI-IMs for PDSCH rate matching as long as these ZP-CSI-RSs/CSI-IMs share same periodicity and subframe offset. 
Proposal 1:

The network should have freedom to determine whether CSI-IMs configured for a CoMP UE must be covered by ZeroTxPowerCSI-RS-Configuration (s) or not at each state of DCI format 2D. 

Proposal 2:

PDSCH rate matching and RE mapping shall only be done around configured ZP-CSI-RS resources. Configured CSI-IM resources shall not affect the PDSCH rate matching and RE mapping.  
Proposal 3:

Each state in DCI format 2D can support up to 2 zeroTxPowerCSI-RS-Configurations, which are both taken into account for PDSCH rate matching and RE mapping. 
5. References
[1]. TS 36. 331
“Radio Resource Control (RRC)”
3GPP Rel 10
[2]. R1-124412
“Remaining issues on IMR Configuration and CQI for CoMP”
Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, CHTTL
[image: image5.bmp]

































































































































PAGE  
4

_1413291817.doc
[image: image1.bmp]

Configuration at UEA







TP1







TP2







CSI-IM1







CSI-IM2







NZP CSI-RS







PDSCH







Muted REs around which PDSCH is rate-matched







CQI1:



Channel part measures NZP CSI-RS #1 from TP1



Interference part measures CSI-IM #1 from TP2







CQI2:



Channel part measures NZP CSI-RS #2 from TP2



Interference part measures CSI-IM #2 from TP1











ZP CSI-RS indicated by DCI format 2D in this subframe  












_1413369191.doc
[image: image1.bmp]

Configuration at UEA







TP1







TP2







CSI-IM1







CSI-IM2







NZP CSI-RS







PDSCH







Muted REs around which PDSCH is rate-matched







CQI1:



Channel part measures NZP CSI-RS #1 from TP1



Interference part measures CSI-IM #1 from TP2







CQI2:



Channel part measures NZP CSI-RS #2 from TP2



Interference part measures CSI-IM #2 from TP1











ZP CSI-RS indicated by DCI format 2D in this subframe  












_1413318616.doc
[image: image1.bmp]

Configuration at UEA







TP1







TP2







CSI-IM1







CSI-IM2







NZP CSI-RS







PDSCH







Muted REs around which PDSCH is rate-matched







ZP #3











ZP CSI-RS indicated by DCI format 2D in this subframe  












_1413286187.doc


TP1







TP2







(a)







UEA















UEA







TP2







TP1







Dynamic switching







(b)












