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1 [bookmark: _Ref3971582]Introduction
This contribution contains a text proposal aiming at making the implementation of the MPDCCH performance improvement work item objective in [1] into the RAN1 specifications complete and correct.
2 [bookmark: _Ref178064866]Discussion
[bookmark: _Hlk31974101]Most of the RAN1 agreements related to the work item objective have been implemented in 36.211 and 36.213. However, we believe that the following agreement from [2] hasn’t been correctly and fully captured in the current versions of the specification:
	Agreement from email discussion [36.211, 36.213]
When CSI-based precoding is configured, the set of candidates for fallback (open loop precoder cycling) is as follows:
· 2/4PRB set, Rmax=1: 
· L = 8/16 in USS and CSS are open loop
· 2/4 PRB set, Rmax>1: 
· R1-2: 
· L=8/16 in USS and CSS are open loop 
· R1-3, R1-4: 
· The antenna port determination for L=2 is changed: L=2 uses the same antenna port as L=4
· L=8/16 in USS and CSS are open loop 
· 2+4 PRB set: 
· R1, R1-2, R1-3, R1-4: 
· L=24 in USS and CSS are open loop 
NOTE 1: In the above, L = 8/16 means L=8 for 2PRB set and L=16 for 4PRB set
NOTE 2: “R1” means that the UE has to monitor a single MPDCCH repetition (R1), R1-2 two repetitions (R1 and R2), and so on.



[bookmark: _Hlk31974065]Since this pertains to search space partitioning for the definition of the fallback solution when CSI-based (or reciprocity-based) precoding is configured, it naturally belongs primarily to 36.213. In the current version of the specification, the paragraph capturing this agreement in 36.213 V16.0.0 subclause 9.1.5 reads:

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.

According to the consolidated parameter list for Rel-16 LTE [3], the higher layer parameter mpdcch-crs-localized-mapping-type may be configured to the value ‘Predefined’ in addition to the ‘CSI-based’ and ‘Reciprocity-based’ as mentioned in 36.213 above. Since the precoder cycling according to the ‘Predefined’ value is specified in 36.211 V16.0.0, the following passage in section 6.8B.5 is also relevant:

-	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:
-	[Omitted paragraphs]
-	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 the 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 the 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.

In our opinion, the following aspects need to be considered in order to for the specification to completely cover the RAN1 agreement above:
· It is currently not clear that the fallback solution is actually using the precoder matrix determined in accordance with the predefined mapping type. 
We suggest that the term “precoded” is avoided for describing the relation between DMRS and CRS ports, since the actual precoding of the MPDCCH and its associated DMRS is an identity mapping described in clause 6.3.4.1, which is not changed even if mpdcch-crs-config is configured. Instead, we propose to use the formulation “relation between …” introduced in 36.211 for describing the relation between DMRS and CRS ports.
· The formulation of the whole paragraph does not clearly indicate how the partition of the search space is made and what applies for the different partitions. 
· The changed antenna port determination for L=2 is not completely covered. According to the agreement above, the change is supposed to take place when the UE is required to monitor three or four different repetition levels, which is the case when the maximum number of MPDCCH repetitions is at least four. 
There is a description in 36.211 of how the antenna port is changed, together with a reference to 36.213 for when to change the antenna port, but there is no corresponding text in 36.213. We still believe this is a good structure, since the antenna port determination belongs to 36.211, and the conditions for when to make the change relates to the MPDCCH search space, which is described in 36.213. 

To address the above shortcomings in the current version of the specification, we present a text proposal for a correction to TS 36.213 below.
[bookmark: _Toc32610486]RAN1 agrees on the text proposal for 36.213 in this contribution to correct the behavior for UEs configured with CSI-based or Reciprocity-based precoder mapping.
In addition, we suggest that an editorial correction of the erroneous font color in the sentence from 36.211 cited above is made as part of a forthcoming CR by the 36.211 editor.
[bookmark: _Toc4704891][bookmark: _Toc4704892][bookmark: _Ref3971424][bookmark: _Toc32610487]Erroneous font color in Clause 6.8B.5 in 36.211 is corrected by 36.211 editor in a forthcoming CR.
3 Text proposal
<Begin changes to Clause 9.1.5 of TS 36.213 v16.0.0>
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> 
4 Conclusion
In this contribution we have provided a text proposal aiming at making the description of the mapping between DMRS ports and CRS ports correct and complete when a UE is configured with CSI-based or Reciprocity-based mapping type for localized transmission.
Proposal 1	RAN1 agrees on the text proposal for 36.213 in this contribution to correct the behavior for UEs configured with CSI-based or Reciprocity-based precoder mapping.
Proposal 2	Erroneous font color in Clause 6.8B.5 in 36.211 is corrected by 36.211 editor in a forthcoming CR.
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