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1 Introduction

The agreements for downlink control signalling for CoMP are as follows [1]:
Agreements: 
· Introduce new TM10 for CoMP

· If any new DCI signalling is needed for CoMP, use a new DCI format based on Format 2C; otherwise use Format 2C

· In TM10, the UE monitors the above DCI format and Format 1A
In this contribution, we will discuss the details signalling of PDSCH RE mapping, quasi co-location assumptions on the downlink reference signals. The details for quasi co-location assumptions on EPDCCH will be discussed in our companion contribution in [2].
2 Detailed signalling for PDSCH RE mapping
2.1 Signalling framework

The data for a UE may be transmitted form multiple transmission points (TPs) in the CoMP measurement set. In addition to the configuration parameters
 of the serving cell, the parameters of other TPs in the CoMP measurement set should also be informed to the UE for facilitating appropriate PDSCH RE mapping. As a result, signalling should be designed to convey the corresponding parameters to the UE.

As discussed in [3], a hybrid signalling that consists of the RRC and DCI signalling can be used to support the CoMP operation. In such a signalling framework, a set of states consisting of the relevant semi-static parameters for PDSCH rate matching should be configured to UE via RRC signalling. In addition to the preconfigured states, new DCI bits are introduced to inform which state should be applied in the specific subframe for the UE. Note that it has been agreed in RAN1 that the maximum size of CoMP measurement set is three. Thus, a DCI field of two bits 
may be enough to accommodate the states of each TP. 
Proposal 1: Two new bits are introduced in DCI in order to select the specific state preconfigured by higher layer signalling in Rel-11.
The detailed contents of each state will be discussed in the following sections.

2.2 CRS RE location
The CRS patterns may vary among different TPs in CoMP scenarios 1/2/3, where each TP has its own PCI/antenna ports configurations. As a result, the data REs from one TP may collide with the CRS REs from another TP(s). Therefore, the CRS parameters of the PDSCH TPs should be indicated to UE for performing the rate matching
 around the CRS. Such parameters include the number of CRS antenna ports and the frequency shift, which is the essential information required for identifying the CRS RE mappings.
 Furthermore, as there is no CRS REs in MBSFN region in MBSFN subframes
, it is necessary to inform the UE of whether the rate matching around CRS should be performed. Therefore, the MBSFN subframe configuration of TPs should also be known by UE for handling the different subframe types.
Proposal 2: The parameters for CRS RE location indication, including the number of CRS antenna ports, and the frequency shift,
 as well as the MBSFN subframe configuration, should be included in the states.
2.3 CSI-RS configuration

The UE served by the cooperating TPs may be configured with multiple non-zero power (NZP) CSI-RS resources for CSI measurement. These NZP CSI-RS resources in the CoMP measurement set are explicitly configured by RRC signalling after the CoMP measurement set is decided. Therefore, the PDSCH RE mapping can be done properly.

On the other hand, a list of zero power (ZP) CSI-RS may also be configured to the UEs TP in the CoMP measurement set, in order to ensure the accuracy of CSI measurement, and served as the Interference Measurement Resource
 (IMR), which is introduced in Rel-11 as a set of REs used for UE’s downlink interference measurement
. It is worth noting that the ZP CSI-RS configured in each TP, i.e., including parameters of zeroTxPowerResourceConfigList, zeroTxPowerSubframeConfig, etc, may be different in different TP. Hence, the ZP CSI-RS configurations of the serving TPs should be informed to the UE for the sake of performing PDSCH RE mapping correctly.

Proposal 3: The parameters for ZP CSI-RS, including zeroTxPowerResourceConfigList and zeroTxPowerSubframeConfig
 should be included in the states.
2.4 PDSCH starting symbol
In current specification, UE always receives PDSCH
 from a single serving cell. However, UE may receive the PDSCHs from other TPs in CoMP measurement set besides the original serving cell. It is possible that those TPs will have different PDSCH starting symbol configurations from that of the serving cell. Thus, UE have to know the PDSCH starting symbol of each cooperating TP in order to demodulate the PDSCH correctly.
There are three alternatives to inform UE of the PDSCH starting symbol [4].
Alt-1: PDSCH starting symbol index is conveyed by DCI.
It would be the most flexible solution if the information of PDSCH starting symbol can be included in each state indicated by RRC signalling, so that the scheduled PDSCH can be timely identified by a UE with the aid of DCI signalled. However, in contrast to the CRS configurations (e.g. the CRS antenna ports and the frequency shift) which are considered as static, the index of PDSCH starting symbol may vary from time to time in the range of 1 to 4. Consequently, the UE may have to decode the PCFICH of the specified TP, in order to acquire the starting symbol, which increases the processing complexity. Moreover, in the case that the starting symbols of some of the TPs are overridden by higher layer configured, some further signalling may still be necessary. Hence, Alt-1 is not preferred.
Alt-2: PDSCH starting symbol index is signalled by higher layers.

In order to reduce the signalling overhead, we can configure an common PDSCH starting symbol for all TPs in the CoMP measurement set via higher layers signalling, and then all TPs follow the same PDSCH starting symbol, no collision between PDCCH and PDSCH occurs. 
 Typically, the common PDSCH starting symbol may be set to 3, i.e. all TPs start the PDSCH transmission at the 4th symbol. The disadvantage of this approach is inefficiency on resource usage and lack of flexibility. 

Alt-3: UE shall assume the starting symbol of PDSCH follows that of the serving cell.

As a UE always receives PDCCH from its serving cell, it may always assume the starting symbol of PDSCH of the serving cell to be applied. Although the starting symbols may be different among TPs in the CoMP measurement set, some implementation based work around can be employed for this issue. For example, a fix starting symbol is applied to all the TPs regardless of the traffic load. This solution, although may has the same disadvantage of inefficiency on resource usage as Alt-3, on the other hand, since the starting symbol of PDSCH can be dynamic change with the serving cell, the flexibility is improved.
Based on the above analysis, we come to the conclusion that:
Proposal 4: UE shall assume the starting symbol of PDSCH follows that of the serving cell.

3 Signalling of quasi co-location assumptions
Quasi co-location assumptions of antenna ports among the CoMP measurement set may be beneficial in facilitate the UE on demodulation without excessive channel estimation. Regarding the quasi co-location assumptions between different references signals, two behaviours are defined as follows [5]:

Behavior A: CRS, CSI-RS and PDSCH DMRS may be assumed as quasi co-located wrt{Doppler shift, Doppler spread, Average delay, Delay spread}

Behavior B: CRS, CSI-RS, and PDSCH DMRS shall not be assumed as quasi co-located wrt{Delay spread, Doppler spread, Doppler shift, Average gain, Average delay} with the following exception: PDSCH DMRS and a particular CSI-RS resource indicated by physical layer signalling may be assumed as quasi co-located wrt {Delay spread, Doppler spread, Doppler shift, Average delay}
When a UE operates in the non-CoMP mode, where only one CSI-RS resource is configured, “Behavior A” can be applied to UE on its observed CRS, CSI-RS and DMRS ports. In order to reduce the associated signalling overhead, “Behavior A” can be considered as the default behaviour for UE. 
Proposal 5:
 Behavior A should be considered as the default behaviour for a UE unless further Quasi co-location is configured.
On the other hand, when a UE operates in the CoMP mode, where multiple CSI-RS resources are configured, “Behavior B” should be applied. Note that data may be transmitted from multiple TPs in the CoMP operation, as a result, some signalling needs to be defined for informing UE of the quasi co-location assumption in “Behavior B” before the UE starts to demodulate the received data. As discussion in [6], it is suggested that the signalling for indicating quasi co-location assumptions may be bundled with the signalling for PDSCH RE mapping, in order to reduce the overall signalling overhead. More specifically, if a UE assumes its PDSCH REs are rate matched around the REs of a particular TP, it is also reasonable for the UE to assume the PDSCH DMRS ports are quasi co-located with the CSI-RS resource of the same TP. 
Proposal 6: The CSI-RS resource can be included in the states to indicate the quasi co-location between PDSCH DMRS and CSI-RS.

Following the above analysis, note that CRS RE location, ZP CSI-RS configurations for PDSCH RE mapping, and quasi co-location assumption between CSI-RS and PDSCH 
DMRS can be included in each state defined by the two new bits in the DCI filed. An example of the states description is illustrated in Table 1.
Table 1: Example states in support of downlink CoMP via RRC signalling.
	State 
	CRS RE location
	ZP CSI-RS  configuration
	Quasi co-location assumption for PDSCH DMRS

	‘00’
	CRS configuration of set 1
	ZP CSI-RS configuration of set 1
	NZP CSI-RS resource of set 1

	‘01’
	CRS configuration of set 2
	ZP CSI-RS configuration of set 2
	NZP CSI-RS resource of set 2

	‘10’
	CRS configuration of set 3
	ZP CSI-RS configuration of set 3
	NZP CSI-RS resource of set 3

	‘11’
	reserved
	reserved
	reserved


4 Conclusion

In this contribution, we have discussed the detailed signalling for PDSCH RE mapping and the quasi co-location assumptions between CSI-RS, CRS and DMRS. Our proposals are summarized as follows:
Proposal 1: Two new bits are introduced in DCI in order to select the specific state preconfigured by higher layer signalling in Rel-11.
Proposal 2: The parameters for CRS RE location indication, including the number of CRS antenna ports, and the frequency shift, as well as the MBSFN subframe configuration, should be included in the states.
Proposal 3: The parameters for ZP CSI-RS, including zeroTxPowerResourceConfigList and zeroTxPowerSubframeConfig should be included in the states.
Proposal 4: UE shall assume the starting symbol of PDSCH follows that of the serving cell.

Proposal 5: Behavior A should be considered as the default behaviour for a UE unless further Quasi co-location is configured.
Proposal 6: The CSI-RS resource can be included in the states to indicate the quasi co-location between PDSCH DMRS and CSI-RS.
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�总体上：文章篇幅过长，大部份内容与RAN1#70提案重复。如Section2 中 2.3之前的部分，Section 3.1. 这种之前写过的部分只需要简单回顾直接写proposal来完成，具体内容可以参考过去提案。因此没有必要写太多。


[Xin]: 全部重写了。


�What configuration?


[Xin]: 文中说了，比如CRS CSI-RS等跟PDSCH mapping有关的参数。


�这里有两个概念：


State数


TP数


为什么State数会由TP数来定，一个TP对应一个State吗？还是[2]中有说明？


[Xin]: 4个states是上次会议offline讨论时定的。考虑到测量集的大小是3，如果是DPS的话，那么就够用了，如果是JP的话，就需要对TP进行组合。


�建议改为PDSCH RE mapping。


[L.J] RM是更准确的用法。


[Xin] OK


�结论太草率，仅由一个例子就得出这个结论。实际上Peter提到的Intel的非mute做法也需要这个signalling，请补充进去。


[Xin]: 这里不同讨论muting还是非muting。只是讨论RE mapping。


�MBSFN subframe 也有CRS，只是在non-MBSFN region（PDCCH）传输，所以对PDSCH的RE mapping 没有影响。


[Xin]: revise accordingly


�在FeICIC中,UE 执行CRS IC 也需要获取邻区的CRS的相关信息，RAN2 已经定义出了相关的RCC signaling:


CRS-AssistanceInfo ::= SEQUENCE {


	physCellId-r11						PhysCellId,


	antennaPortsCount-r11				ENUMERATED {an1, an2, an4, spare1}


	mbsfn-SubframeConfigList-r11		MBSFN-SubframeConfigList


UE获取frequency shift 是通过cell id得到，因此考虑是否可以重用该RCC signaling, 将frequency shift 换成发送PDSCH的cell id. CoMP的场景与FeICIC的不同之处在于,CoMP只需要知道CRS的location, FeICIC必须知道CRS的sequence, 所以FeICIC UE必须知道cell id，进而获取frequency shift 和CRS sequence. 因此可以综合考虑一下。


[Xin]: 两个的效果是一样的，考虑到跟WF一致，建议保持frequency shift的提法。








�这一章reviewer有共同的问题：


NZP和ZP有啥本质区别，为何ZP要indicate, NZP不用？（WF中为何只FFS ZP？）


如Ming comments, Rel-10 中已经可以显示通知ZP, 为何还要额外通知？





内部讨论认为： 对于NZP，CS set中所有TP的RE mapping都相同。而对于做IMR的ZP则每个TP有不同的RE mapping，因此需要在state中指示出来。原文没有反应这一点。revised.


[Xin]: revised accrodingly


�之前跟你讨论过，4个状态要包括ZP CSI-RS的rate matching，是因为：DPS时，当前的ZP CSI-RS是与选择哪个点发射相关联的，所以要用DCI来cover。这点才是与NZP CSI-RS的区别（对于NZP CSI-RS，UE都要去测量都要做rate matching）。ZP CSI-RS不只包括IMR，最好不要限定在IMR上，WF上提的也是ZP CSI-RS


[Xin]: Revised accordingly。可是根据后续的讨论，认为只有IMR需要包含在4个状态里面。


�一个IMR能否由多个Rel-10 ZP CSI-RS构成？


[Xin]: 不能。


�这些参数不是已经在Rel-10 ZP CSI-RS indication就支持了，为什么还需要显式地建议支持？


[Xin]: 和NZP CSI-RS 不同的是，UE值知道serving cell的ZP CSI-RS的配置，因此有必要将非serving cell的ZP CSI-RS 配置告诉UE


�PDSCH or PDCCH?


[Xin]: PDSCH


�见我对Alt-2的修改，Alt-3本质上跟Alt-2类似，而且还不像Alt-2那样支持动态变化。建议重新考虑。


�这句应该写在Alt.1下面。


[Xin]：不行，两个是不一样的。


[TW]: OK


�原来的分析内容不对路，我重写了。


�这个same starting symbol 的具体值是如何确定的？


[Xin]：由高层配。


�根据之前的讨论，一般提法是：xxx-RS and xxx-RS may or may not be assumed QCL。这里指某个CSI-RS的集合可以跟EPDCCH是QCL的？具体理由呢？写清楚点。


[Xin]: 这里指EPDCCH DRMS 跟某个特定的CSI-RS resource 是QCL的。





如果是盲检导致只需要某个CSI-RS的集合跟EPDCCH是QCL的，并且是半静态的，那么为什么还需要动态DCI通知呢？描述下这个过程。


[Xin]: 这里说的是半静态信令。


�前面虽然说了“some signalling needs to be defined for informing UE of the quasi co-location assumption in “Behavior B” before the UE starts to demodulate the received data”，但是没有说为什么要通过“将CSI-RS include到states里面”的方式设计此signalling（即未充分论证本proposal）。


[Xin]: 文中说了如果UE是根据某个TP的state来做RE mapping的话，那么该UE的PDSCH DMRS也需要与相应的TP的CSI-RS 做QCL


�EPDCCH DMRS为什么没有包含在states里面? Same comment for table 1


[Xin]: states里只包含DCI支持的内容，而EPDCCH DMRS不支持DCI 信令。


[TW]: 如果这样，前面就不能说这个东东和PDSCH RE signalling 绑定了。


[Xin]: 那个东东啊？如果说的是EPDCCH DMRS，那是不能绑定的（文中也没有说要绑定）,如果是PDSCH, 那绑定是合理的。


[TW]: OK
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