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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Agreements and conclusions in previous meeting for the MPDCCH performance improvement of LTE-MTC are summarized in [1]. In this paper, the inputs from companies submitted to RAN1#100-e meeting ([2]-[4]) on remaining issues are summarized.
[bookmark: _GoBack]Issues
[bookmark: _Ref32853996]Issue 1: For 2+4 MPDCCH PRB set, whether PRB index to determine precoder is within one PRB set or two sets.
· As explained in [2], precoder cycling is performed based on absolute subframe index and PRB index, and an MPDCCH may be transmitted on one PRB set (no more than 16 ECCEs) or two PRB sets (24 ECCEs). For 2+4 MPDCCH PRB sets, it is proposed to perform precoder cycling based on overall 6 PRBs.
· Proposal: Endorse the following text proposal to TS 36.211
	Text proposal to 36.211

[bookmark: _Toc454818061]6.8B.5	Mapping to resource elements
<Unchanged parts are omitted>
-	If mpdcch-crs-idle-config or mpdcch-crs-config is configured by higher layers, the relation between the MPDCCH and CRS antenna ports is defined as follows:
-	For distributed transmission and when two CRS ports are configured by the eNB, the relation between the symbols transmitted on the antenna ports used for MPDCCH transmission and CRS ports 0 – 1 is defined by the precoder matrix for single-layer transmission in Table 6.3.4.2.3-1 using codebook index  for antenna port 107 and codebook index  for antenna port 109. 
-	For distributed transmission and when four CRS ports are configured by the eNB, in absolute subframe  and resource block index  within one or two MPDCCH-PRB-sets where UE monitors an MPDCCHthe PRB in which MPDCCH is transmitted, the relation between the symbols transmitted on the antenna ports used for MPDCCH transmission and CRS ports 0 – 3 is defined by the precoder matrix for single-layer transmission in Table 6.3.4.2.3-2 using codebook index  for antenna port 107 and codebook index  for antenna port 109, where

-	For localized transmission, when two CRS ports are configured by the eNB and predefined mapping type is used, in absolute subframe  and resource block index  within one or two MPDCCH-PRB-sets where UE monitors an MPDCCHthe PRB set in which MPDCCH is transmitted, the relation between the symbols transmitted on the antenna port used for MPDCCH transmission and CRS ports 0 – 1 is defined by the precoder matrix for single-layer transmission in Table 6.3.4.2.3-1, with codebook index , where

-	For localized transmission, when four CRS ports are configured by the eNB and predefined mapping type is used, in absolute subframe  and resource block index  within one or two MPDCCH-PRB-sets where UE monitors an MPDCCHthe PRB set in which MPDCCH is transmitted, the relation between the symbols transmitted on the antenna port used for MPDCCH transmission and CRS ports 0 – 3 is given by the precoder matrix for single-layer transmission in Table 6.3.4.2.3-2 using codebook index  where


-	For localized transmission and when CSI-based or reciprocity-based mapping type is used, the relation between the symbols transmitted on the antenna port used for MPDCCH transmission and the CRS ports is given in [4]. When it is indicated in [4] that the antenna port is changed for an MPDCCH candidate with aggregation level 2, the antenna port shall be replaced by the antenna port determined for an MPDCCH candidate with aggregation level 4 in the same search space.



[bookmark: _Ref32877471]Issue 2: Capture of the mapping between DMRS and CRS ports and fallback candidates in 36.213.
· As explained in [2], the functionality of the values for RRC parameter mpdcch-crs-localized-mapping-type is not correctly captured. The starting subframe for the mapping needs to be clarified. The conditions for fallback needs to be corrected. 
· As explained in [3], it should be UE may assume instead of UE shall assume as it’s a UE implementation. The list of fallback candidates should follow the legacy behavior. The port change for fallback has not been captured.
· As explained in [4], the fallback candidates for MDRS/CRS mapping was not correctly captured.
· Proposal: Endorse the following text proposal to TS 36.213
	Text proposal to TS 36.211

9.1.5	MPDCCH assignment procedure
<Unchanged parts are omitted>
[bookmark: OLE_LINK12]If a BL/CE UE is configured with higher layer parameter mpdcch-crs-localized-mapping-type set to 'CSI-based' or 'Reciprocity-based', and the MPDCCH-PRB-set [image: ] is configured for localized transmission, and for MPDCCH UE-specific search space or Type0-MPDCCH common search space, the UE shall assume the MPDCCH candidates are precoded (as defined in [3]) the mapping between Demodulation RS and Cell-specific RS ports is based on a most recent reported PMI ending no later than n-4 wherein n is the subframe index of an MPDCCH transmission received by the UE except for






-	if , MPDCCH candidates with aggregation  and repetition levels ,, , 






-	if , MPDCCH candidates with aggregation  and repetition levels ,, , 






-	if , MPDCCH candidates with aggregation  and repetition levels ,, , 

and for higher layer parameter mpdcch-crs-localized-mapping-type set to 'CSI-based' the UE shall assume the mapping between Demodulation RS and Cell-specific RS ports, is based on the predefined mapping as defined in Subclause 6.8B.5 of [3], is based on a most recent reported PMI ending no later than 4 subframes before the starting subframe  of the MPDCCH transmission. 
When a BL/CE UE is configured with higher layer parameter mpdcch-crs-localized-mapping-type set to 'CSI-based' and the maximum number of MPDCCH repetitions , the UE shall assume the MPDCCH candidates with aggregation level  use the same antenna port as the MPDCCH candidates with aggregation level  in MPDCCH UE-specific search space.
If a BL/CE UE is configured with higher layer parameter mpdcch-crs-localized-mapping-type set to 'Reciprocity-based' and frame structure type 2, and the MPDCCH-PRB-set [image: ] is configured for localized transmission, and for MPDCCH UE-specific search space, the UE shall assume the Demodulation RS ports have no association with Cell-specific RS ports.
If a BL/CE UE is configured with higher layer parameter mpdcch-crs-localized-mapping-type set to 'CSI-based' or 'Reciprocity-based', and the MPDCCH-PRB-set [image: ] is configured for localized transmission, and for Type0-MPDCCH common search space, the UE shall assume the mapping between Demodulation RS and Cell-specific RS ports are based on the predefined mapping as defined in Subclause 6.8B.5 of [3].




	Text proposal to 36.213 

<Unchanged parts are omitted>
If a BL/CE UE is configured with higher layer parameter mpdcch-crs-localized-mapping-type set to 'CSI-based' or 'Reciprocity-based', and the MPDCCH-PRB-set [image: ] is configured for localized transmission, and for MPDCCH UE-specific search space or Type0-MPDCCH common search space, the UE shall may assume the relation between the MPDCCH and CRS antenna ports is MPDCCH candidates are precoded (as defined in [3]) except for the following candidates:






-	if , MPDCCH candidates with aggregation  and repetition levels ,, , 






-	if , MPDCCH candidates with aggregation  and repetition levels ,, , 






-	if , MPDCCH candidates with aggregation  and repetition levels ,, , 
For candidates other than the listed above:
-	if the UE is configured with higher layer parameter mpdcch-crs-localized-mapping-type set to ‘CSI-based’, the UE may assume the relation between the MPDCCH and CRS antenna ports is based on a most recent reported PMI ending no later than subframe .
-	if the UE is configured with higher layer parameter mpdcch-crs-localized-mapping-type set to ‘Reciprocity-based’, the UE shall not assume any relation between the MPDCCH and CRS antenna ports.

and for higher layer parameter mpdcch-crs-localized-mapping-type set to 'CSI-based' the UE shall assume the mapping between Demodulation RS and Cell-specific RS ports, as defined in [3], is based on a most recent reported PMI ending no later than 4 subframes before the starting subframe  of the MPDCCH transmission.


<Unchanged parts are omitted>




	Text proposal to 36.213

<Unchanged parts are omitted>
If a BL/CE UE is configured with higher layer parameter mpdcch-crs-localized-mapping-type set to 'CSI-based' or 'Reciprocity-based', and the MPDCCH-PRB-set [image: ] is configured for localized transmission, and for MPDCCH UE-specific search space or Type0-MPDCCH common search space, the UE shall assume the MPDCCH candidates are precoded (as defined in [3]) except for






-	if , MPDCCH candidates with aggregation  and repetition levels ,, , 






-	if , MPDCCH candidates with aggregation  and repetition levels ,, , 






-	if , MPDCCH candidates with aggregation  and repetition levels ,, , 

and for higher layer parameter mpdcch-crs-localized-mapping-type set to 'CSI-based' the UE shall assume the mapping between Demodulation RS and Cell-specific RS ports, as defined in [3], is based on a most recent reported PMI ending no later than 4 subframes before the starting subframe  of the MPDCCH transmission.


If a BL/CE UE is configured with higher layer parameter mpdcch-crs-localized-mapping-type set to 'CSI-based' or 'Reciprocity-based', and the MPDCCH-PRB-set [image: ] is configured for localized transmission, and  or , and , for MPDCCH UE-specific search space or Type0-MPDCCH common search space, the antenna port for MPDCCH candidates with aggregation level  shall be changed as specified in [3].
For Type1-MPDCCH common search space, Type1A-MPDCCH common search space, Type2-MPDCCH common search space and Type2A-MPDCCH common search space, distributed MPDCCH transmission is used.


<Unchanged parts are omitted>




	Text proposal to 36.213

9.1.5	MPDCCH assignment procedure
<Unchanged paragraphs omitted>
If a BL/CE UE is configured with higher layer parameter mpdcch-crs-localized-mapping-type set to 'CSI-based' or 'Reciprocity-based', and the MPDCCH-PRB-set [image: ] is configured for localized transmission, and for MPDCCH UE-specific search space or Type0-MPDCCH common search space, the UE shall assume the relation between the symbols transmitted on the antenna port used for MPDCCH transmission and the CRS ports follows the predefined mapping type, as defined in [3], for the following MPDCCH candidates: are precoded (as defined in [3]) except for






-	if , MPDCCH candidates with aggregation level  and repetition levels ,, , 






-	if , MPDCCH candidates with aggregation level  and repetition levels ,, , 






-	if , MPDCCH candidates with aggregation level  and repetition levels ,, , 
and for all other MPDCCH candidates, if higher layer parameter mpdcch-crs-localized-mapping-type is set to 'CSI-based', the UE shall assume that
· 
the relation between the symbols transmitted on the antenna port used for MPDCCH transmission and the CRS ports is given by the precoder matrix indicated by mapping between Demodulation RS and Cell-specific RS ports, as defined in [3], is based on a most recent reported PMI ending no later than 4 subframes before the starting subframe  of the MPDCCH transmission, and.
· 

when , and  or , the antenna port is changed as specified in [3] for MPDCCH candidates with aggregation .
<End changes to Clause 9.1.5 of TS 36.213 v16.0.0> 





[bookmark: _Ref32877515]Issue 3: The mapping between DMRS and CRS for a single CRS port.
· As explained in [3], the mapping for single CRS port is missed. 
· Proposal: Endorse the following text proposal to TS 36.211
	Text proposal to 36.211

<Unchanged parts are omitted>
-	If mpdcch-crs-idle-config or mpdcch-crs-config is configured by higher layers, the relation between the MPDCCH and CRS antenna ports is defined as follows:
-	When one CRS port is configured by the eNB, the antenna port(s) used for MPDCCH transmission are equivalent to CRS port 0. 
-	For distributed transmission and when two CRS ports are configured by the eNB, the relation between the symbols transmitted on the antenna ports used for MPDCCH transmission and CRS ports 0 – 1 is defined by the precoder matrix for single-layer transmission in Table 6.3.4.2.3-1 using codebook index  for antenna port 107 and codebook index  for antenna port 109. 
<Unchanged parts are omitted>




Summary
FL’s view on the issues that are prioritized for discussion in this e-meeting:
· Issue 2: Capture of the mapping between DMRS and CRS ports and fallback candidates in 36.213.
· Issue 3: The mapping between DMRS and CRS for a single CRS port.
· Issue 1: For 2+4 MPDCCH PRB set
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