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1. [bookmark: OLE_LINK38][bookmark: OLE_LINK37][bookmark: OLE_LINK95][bookmark: OLE_LINK13][bookmark: OLE_LINK1][bookmark: OLE_LINK50][bookmark: OLE_LINK14][bookmark: OLE_LINK94][bookmark: OLE_LINK2]Introduction
In RAN1#94 meeting, there had the following agreements on CRS for improving channel estimation [1]:
	Agreement
· CRS for improving channel estimation on USS MPDCCH is supported
· [bookmark: _Toc521455643]The relation between the MPDCCH DMRS and CRS is defined for enabling improved channel estimation. FFS the details on specifying the relation (e.g., whether the ‘definition’ means predefined in specification or done by signalling, relation between the CRS ports and DMRS ports, power offset between DMRS-CRS). 
· eNB enables/disables “CRS for improving channel estimation on MPDCCH” via dedicated or broadcasted RRC signaling. FFS the details on the signaling.
· CRS for improving channel estimation on Type0-MPDCCH CSS MPDCCH is supported.


In RAN1#94bis meeting, CRS for improving channel estimation was discussed for MPDCCH performance improvement and the following agreements [2] were achieved:
	Agreement
CRS for improving channel estimation on MPDCCH in idle mode is supported. FFS the details.
For localized MPDCCH, the following mappings are supported between CRS and DMRS:
· Predefined mapping
· Mapping based on CSI report
FFS the details.
For distributed MPDCCH, mapping between CRS and DMRS is defined in specifications. 
· FFS the details (e.g. number of PRBs over which mapping applies, fixed or configurable)
Power offset between CRS and DMRS antenna ports of MPDCCH is signaled by eNB. FFS the signaling details (e.g. provisioning for default power offset value).


In this contribution, we discuss the mapping between CRS and DMRS for CRS for improving channel estimation.
2. Discussion
Predefined mapping
On predefined mapping between CRS and DMRS, a constant mapping and a precoding mapping were discussed in last meeting. For constant mapping, DMRS port can directly be mapped to CRS port via predefined configuration. For example, when 2 CRS ports and 2 DMRS ports are used, a one-to-one mapping between CRS and the DMRS ports can be defined. But when number of CRS ports is different from that of DMRS, the corresponding constant mappings need further study. 
In constant mapping mode, DMRS is not precoded. So DMRS is equivalent to CRS. Thus, joint DMRS without precoding and CRS are used to improve channel estimation. This mapping mode is applicable for antenna port switching, SFBC or precoding for data REs. Compared with antenna port switching, the precoding matrix switching in time and frequency can provide more diversity gain. Then, if the data REs are precoded, the UE should know the precoding information to perform combined CRS and DMRS demodulation. So an additional precoding rule will also be predefined. 
Observation 1: Precoding matrix switching in time and frequency provides more diversity gain compared to antenna port switching.
Observation 2: For constant mapping between CRS and DMRS, if the control data is precoded, both constant mapping and precoding rules need to be predefined.
On the other hand, when DMRS port is directly mapped to CRS port, there exists DMRS interference among inter-cells like CRS interference due to no precoding on DMRS. This will cause MPDCCH performance degradation for cell edge UEs, which is not conducive to extreme coverage. Also, no precoding on DMRS results in DMRS interference among different users in the same time-frequency domain. Hence, MU-MIMO is not applicable for constant mapping between CRS and DMRS.
Observation 3: Constant mapping between CRS and DMRS will result in inter-cell DMRS interference and inter-user DMRS interference in the same time-frequency domain since there is no precoding on DMRS.
For precoding mapping, DMRS port can be mapped to CRS port via precoding to DMRS. In this case, the relation between CRS and DMRS is indirectly indicated by precoding, no restriction of direct relation between CRS and DMRS. So precoding relation is more flexible for configuration of CRS and DMRS ports. In precoding mapping between CRS and DMRS, precoding rules will be predefined.
Observation 4: Precoding mapping is more flexible than constant mapping. Precoding rules need to be predefined for precoding mapping.
Proposal 1: The predefined mapping via precoding can be used between CRS and DMRS.
Since CRS is not precoded in eNB, UE has to acquire the precoding matrices used by MPDCCH to perform CRS for improving channel estimation. So the predefined mapping between CRS and DMRS is a necessary configuration which is known by UEs. When single CRS port is configured for MPDCCH, the transmitted signal is not precoded. In this case, DMRS port 107 or 109 can directly be mapped to CRS port 0. When multiple CRS ports are configured, precoding codebooks should be used based on a certain rule and the UE is aware of this rule. In this rule, precoding codebook should be updated in time and frequency to obtain diversity gain. In a transmission narrow band, codebook can be updated in frequency domain based on the predefined codebook update order cyclically in a subframe. Hence, a predefined time-frequency domain update granularity and update order of precoding codebook (or precoding cycling) could be applied in predefined mapping. The predefined codebook order is equivalent to a precoding cycling.
Proposal 2: Predefined granularity and order of precoding codebook update could be specified for predefined mapping.
Localized MPDCCH
In localized MPDCCH, predefined mapping and CSI report based mapping are supported between CRS and DMRS. And these two mapping modes are used to support open-loop and closed-loop transmission. Based on precoding mapping, one precoding codebook should be used at least in one PRB since one DMRS port is configured in localized transmission. 
For open-loop transmission, the codebook updates based on PRB(s) in a narrow band. The PRBs in a subframe use the precoding matrices based on the predefined codebook order cyclically. In time domain, same precoding matrix is assumed per antenna port on the same PRB for X consecutive subframes for DMRS cross-subframe channel estimation. And precoding matrix may vary from one set of X subframes to another set of X subframes. Hence, codebook on the same PRB can be updated per X consecutive subframes. This implies that the codebook order is updated per X consecutive subframes. In particular, for N available precoding codebooks, the initial codebook order can be set from codebook index 0 to N-1 increasingly. And the updated codebook order can be the cyclic shift of the initial order and the shift value of SL is default or configurable. Figure 1 shows an example to illustrate the predefined precoding mapping for localized MPDCCH. Thus, the codebook index used by the k-th PRB in the l-th subframe can be represented as , wherein G is the frequency update granularity. 


Figure 1. Predefined mapping for localized MPDCCH (Number of codebooks = 4, MPDCCH bandwidth = 4 PRBs, frequency update granularity = 1PRB, cyclic shift value = 1)
Proposal 3: For predefined mapping of localized MPDCCH, the PRBs in a subframe use the precoding matrices based on the predefined codebook order cyclically.
· The predefined codebook order can be updated per X consecutive subframes.
Closed-loop transmission is supported for beamforming gain in localized MPDCCH. But it needs study on how to achieve the mapping based on CSI report in closed-loop. One approach to resolve this issue is UE preserves the reported PMI and assumes eNB can only configure this PMI for MPDCCH. This approach can ensure UE is aware of the precoding codebook which is used by eNB in closed-loop transmission. But potentially incorrect uplink demodulation may cause the reported PMI which is preserved by UE is not used by eNB. Further, MPDCCH cannot be accurately decoded by UE due to incorrect PMI. To avoid this case, when the current MPDCCH is not accurately decoded, UE can demodulate this MPDCCH again based on DMRS instead of combined CRS and DMRS.
Distributed MPDCCH
Distributed transmission is applicable for open-loop MPDCCH. So the predefined mapping should be supported between CRS and DMRS. In distributed MPDCCH, two DMRS ports are configured and each data RE is associated with one out of these two DMRS ports in an alternating manner. One PRB can use two 1-layer codebooks which respectively correspond to two DMRS ports. Therefore, data REs can switch precoding codebook between two 1-layer codebooks via DMRS port switching to obtain diversity gain. 
In frequency, the two codebooks for two DMRS ports can be updated based on PRB(s). The PRBs in a subframe use the precoding matrices based on the predefined codebook order cyclically. In time domain, the codebook order can be updated per X consecutive subframes. For N available precoding codebooks, the initial codebook order can be set from codebook index 0 to N-1 increasingly. And the updated codebook order can be the cyclic shift of the initial order and the shift value of SD is default or configurable. Figure 2 shows the predefined precoding mapping for distributed MPDCCH with 1-layer codebook. Thus, the two codebook index used by the k-th PRB in the l-th subframe can be represented as  and , wherein G is the frequency update granularity.


Figure 2. Predefined mapping for distributed MPDCCH (Number of codebooks = 16, MPDCCH bandwidth = 6 PRBs, frequency update granularity = 1PRB, cyclic shift value = 2)
Proposal 4: For distributed MPDCCH, the two codebooks corresponding to two DMRS ports can be updated based on PRB(s) and subframe(s).
· PRBs in a subframe use the precoding matrices based on predefined cyclic codebook order.
· The predefined codebook order can be updated per X consecutive subframes.
3. Conclusion
In this contribution, we discuss the mapping between CRS and DMRS for CRS for improving channel estimation. And the relevant observations and proposals are given as below:
Observation 1:  Precoding matrix switching in time and frequency provides more diversity gain compared to antenna port switching.
Observation 2: For constant mapping between CRS and DMRS, if the control data is precoded, both constant mapping and precoding rules need to be predefined.
Observation 3: Constant mapping between CRS and DMRS will result in inter-cell DMRS interference and inter-user DMRS interference in the same time-frequency domain since there is no precoding on DMRS.
Observation 4: Precoding mapping is more flexible than constant mapping. Precoding rules need to be predefined for precoding mapping.
Proposal 1: The predefined mapping via precoding can be used between CRS and DMRS.
Proposal 2: Predefined granularity and order of precoding codebook update could be specified for predefined mapping.
Proposal 3: For predefined mapping of localized MPDCCH, the PRBs in a subframe use the precoding matrices based on the predefined codebook order cyclically.
· The predefined codebook order can be updated per X consecutive subframes.
Proposal 4: For distributed MPDCCH, the two codebooks corresponding to two DMRS ports can be updated based on PRB(s) and subframe(s).
· PRBs in a subframe use the precoding matrices based on predefined cyclic codebook order.
· The predefined codebook order can be updated per X consecutive subframes.
4. Reference
[bookmark: OLE_LINK7][1] 3GPP, R1-1810051, Report of RAN1#94 meeting, ETSI
[2] R1-1811736, RAN1 agreements for Rel-16Additional MTC Enhancements for LTE, Ericsson, RAN1#94bis
[bookmark: _GoBack][3] R1-1811696, Feature lead summary of MPDCCH performance improvement, Huawei, HiSilicon, RAN1 #94bis
oleObject1.bin
�

1


0


3


2


RB


2


1


0


3


3


2


1


0


…… 


…… 


X subframes


X subframes


Codebook
index


Codebook
index


Codebook
index


…… 


0


3


2


1


…… 


Codebook
index


X subframes



image2.emf
2,3

0,1

6,7

4,5

RB

4,5

2,3

8,9

6,7

6,7

4,5

10,11

8,9

…… ……

X subframes X subframes

Codebook

index

Codebook

index

Codebook

index

……

10,11

8,9

12,13

10,11

14,15

12,13

8,9

6,7

12.13

10.11

……

Codebook

index

0,1

14,15

X subframes


oleObject2.bin
�

2,3


0,1


6,7


4,5


X subframes


RB


X subframes


4,5


2,3


8,9


6,7


6,7


4,5


10,11


8,9


…… 


…… 


Codebook
index


Codebook
index


Codebook
index


…… 


10,11


8,9


12,13


10,11


14,15


12,13


8,9


6,7


12.13


10.11


…… 


Codebook
index


0,1


14,15


X subframes



image1.emf
1

0

3

2

RB

2

1

0

3

3

2

1

0

……

……

X subframes X subframes

Codebook

index

Codebook

index

Codebook

index

……

0

3

2

1

……

Codebook

index

X subframes


