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1 Introduction
This contribution proposes a clarification on RE mapping of SPDCCH for TS 36.211.  
2. Background
During the RAN1 #90bis and 91 meetings, the following agreements were made for mapping sDCI symbols to resource elements (REs): 
	Agreement: 

NOTE: After deciding all resource elements for a candidate, the symbols are mapped to REs (k,l) in order of k increasing first and then l increasing.

Agreement: 

For localized CRS-based sPDCCH:

· The modulated symbols for a localized CRS-based sPDCCH are mapped to the REs according to step 1-2 below:
· Step 1: Perform a block interleaver within the sREGs for the sPDCCH candidate with aggregation level L, where the number of rows equal to L and the number of columns equal to 4 (i.e. the number of sREGs in an sCCE). The sREGs are written into the matrix row by row and read out column by column
· Step 2: The modulated symbols are mapped to available REs within the interleaved sREGs in increasing order (i.e. one by one manner)


Additionally, up to 4-ports SFBC was agreed to enable transmit diversity scheme for CRS-based sPDCCH. When X-port SFBC is applied (X=2 or 4), the number of usable REs per sREG may be not multiple of X due to a variety of reasons (e.g. the presence of 2-ports CSI-RS in this subslot), and inevitably creates odd number of orphan REs. 
In RAN1 #91, the following was further agreed to deal with orphan REs:   

	Agreement: 

For CRS-based sPDCCH transmission using SFBC, the modulated symbols are not mapped to the orphan REs (i.e. skip the orphan REs)

· Note: An orphan RE is present in an sREG in case of an odd number of available REs


	
[image: image1]


Figure 1: Mapping of REs for CRS-based sPDCCH with transmit diversity scheme
Assuming 4-ports SFBC and 2-port CSI-RS, Figure 1 shows an example of RE mapping for sPDCCH (i.e. Alt.1) in accordance with the agreements above. However, the current specification is unclear and may be interpreted as the other pattern (e.g. Alt.2) due to lack of description to map symbols in sequence to REs across all the SREGs. We therefore propose the text proposal to fix this potential ambiguity and clearly capture the above agreements for TS 36.211.  

3. Pseudo CR coversheet
The related envisioned needed changes can be summarized as follows: 

	
	

	Reason for change:
	Support transmit diversity for CRS-based SPDCCH transmission   

	
	

	Summary of change:
	Clarifying the RE mapping for transmit diversty for CRS-based sPDCCH transmission to 36.211 

	
	

	Consequences if not approved:
	The specification is not as clear as decribling the feature as with this text proposal 

	
	

	
	

	Clauses affected:
	36.211 Sections 6.8C.5


4. TP / Pseudo draft CR to 36.211
	Modified clause (6.8C.5)


6.8C.5
Mapping to resource elements

The mapping to resource elements is defined by operations on vectors of complex-valued symbols. Let 
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 denotes symbol vector [image: image4.png]
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 represents the signal for antenna port
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The block of vectors 
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 shall be mapped in sequence starting with 
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 on the associated antenna port(s) which meet all of the following criteria:

-
they are part of the SREGs assigned for the SPDCCH transmission, and

-
they are assumed by the UE not to be used for cell-specific reference signals, where the positions of the cell-specific reference signals are given by subclause 6.10.1.2 with the number of antenna ports and the frequency shift of cell-specific reference signals derived as described in clause 6.10.1.2 unless other values for these parameters are provided by clause 9.1.4.3 in 3GPP TS 36.213 [4], and

-
they are assumed by the UE not to be used for transmission of: 

-
UE-specific reference signal associated with SPDCCH

-
zero-power CSI reference signals, where the positions of the CSI reference signals are given by clause 6.10.5.2. The configuration for zero power CSI reference signals is

-
obtained as described in clause 6.10.5.2 unless other values are provided by clause 9.1.4.3 in 3GPP TS 36.213 [4], and 

-
obtained by higher-layer configuration of up to five reserved CSI-RS resources as part of the discovery signal configuration following the procedure for zero-power CSI-RS in clause 6.10.5.2.

-
non-zero-power CSI reference signals for CSI reporting with the configuration for non-zero power CSI reference signals for CSI reporting obtained as described in clause 6.10.5.2.

-
The set of indices of 
[image: image11.wmf]l

where the SPDCCH can be mapped to is dependent on if slot or subslot based SPDCCH is used, the subslot number, if CRS or DMRS based SPDCCH is configured and the number of symbols used for PDCCH. In case CRS based SPDCCH is configured, the set of indices is also dependent on the number of symbols, 
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, configured by higher layers (see spdcch-NoOfSymbols in 3GPP TS 36.331 [9]), that the SPDCCH is mapped over.

-
For slot-SPDCCH and for frame structure type 1 and 2, the set of indices of 
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 for the second slot in the subframe is given in Table 6.8C.5-1. It can be noted that no SPDCCH is transmitted in the first slot of the subframe, where the DCI instead is carried in PDCCH, see [3].

-
For subslot-SPDCCH and for frame structure type 1, the set of indices of 
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 for a given downlink subslot number in a subframe is given in Table 6.8C.5-2. It can be noted that for subslot number 0 where no SPDCCH is transmitted, and the DCI is instead carried in PDCCH, see [3].

If 
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has been precoded according to clause 6.3.4.3 and if there is an uneven number of resource elements per PRB that fulfil all the above criteria, 
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is not mapped to the resource element of the PRB with largest 
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.
Resource elements belonging to synchronization signals, the core part of PBCH, PBCH repetitions, or resource elements reserved for reference signals in the mapping operation of PBCH but not used for transmission of reference signals, shall be assumed available in the SPDCCH mapping but not used for transmission of SPDCCH.

NOTE: For DMRS based SPDCCH, the UE is not required to use the SPRG (see 3GPP TS 36.213 [4]) which is/are partially overlapped with 

PBCH/PSS/SSS for SPDCCH monitoring.

For DMRS based SPDCCH, the mapping to resource elements 
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 on antenna port 
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, meeting the criteria above, shall be in increasing order of first the index 
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 and then the index 
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. 

For localized and distributed CRS based SPDCCH, the SREGs of a SPDCCH candidate are first interleaved according to step 1 below and then the modulated symbols are mapped to resource elements 
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of the interleaved SREGs according to step 2 below. 

-
Step 1: Perform a block interleaver on the SREGs building the SPDCCH candidate, where the number of rows equal to the number of SCCEs for the SPDCCH candidate and the number of columns equal to 4 (i.e. the number of SREGs in an SCCE). The SREGs are written into the matrix row by row and read out column by column.
-
Step 2: The modulated symbols are mapped in sequence starting with 
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on antenna port 
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in increasing order of the index k, meeting the criteria above, over the interleaved SREGs in the order given by the block interleaver of step 1.
	End of modifications
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