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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
HARQ-less subframe/slot/subslot-based PDSCH repetition associated with a single DCI assignment is adopted in Rel-15 for high reliability of PDSCH transmission. However, it is unclear that if the PDSCH resource mapping for each transmission within the repetition window is the same or can be different. This contribution discusses possible candidates and a text proposal is also provided for one candidate.
Discussion 
Section 6.3 of TS 36.211 based on the latest version [1] describes the general structure for downlink physical channels in one subframe/slot/subslot including mapping to resources elements as stated in section 6.3.5. Section 6.4 specifically describes PDSCH resources mapping with additions and exceptions based on the general description in clause 6.3. Sections 6.4.1 and 6.4.2 further describe PDSCH resources mapping for BL/CE UEs and slot/subslot-based PDSCH on top of clause 6.4, respectively, with additions and exceptions. 
One exception for mapping for BL/CE UEs is that resources occupied by CSI-RS shall be counted in the PDSCH mapping but not used for transmission of the PDSCH regardless of CEModeA or CEModeB, which also introduced PDSCH repetitions. During the PDSCH repetition window, CSI-RS may be transmitted in some subframes but not in other subframes. PDSCH is punctured in each transmission no matter CSI-RS is transmitted or not so that UE can perform symbol-level combining with low complexity. Another candidate to facilitate symbol-less combining is that PDSCH always rate matches around CSI-RS in each transmission; however, it is of low efficiency especially when CSI-RS is lightly loaded. 
For UEs equipped for HRLLC traffic/service, UE’s complexity/cost may not be a significant concern. Bit-level combining can be assumed for HARQ-less repetition, which enables PDSCH resources mapping in each TTI be implemented independently within the repetition window. 
To clarify resources mapping for HARQ-less PDSCH repetitions, whether UE shall assume symbol-level or bit-level PDSCH combining should be agreed at first. 
Proposal 1: UE shall assume bit-level PDSCH combining if UE complexity is not a concern. 

Accordingly, the text proposals for subframe-based PDSCH repetition and slot/subslot-based PDSCH repetition are given as below, respectively, for discussion and endorsement:
------------------------------------------------Start of Text Proposal to 36.211-----------------------------------------
[bookmark: _Toc454818031]6.4	Physical downlink shared channel
The physical downlink shared channel shall be processed and mapped to resource elements as described in clause 6.3 with the following additions and exceptions:



-	In resource blocks in which UE-specific reference signals are not transmitted, the PDSCH shall be transmitted on the same set of antenna ports as the PBCH, which is one of , , or .








-	In resource blocks in which UE-specific reference signals are transmitted, the PDSCH shall be transmitted on antenna port(s) ,,, , , , , or the antenna ports listed in Table 6.3.4.4-1, where  is the number of layers used for transmission of the PDSCH.


-	If PDSCH is transmitted in MBSFN subframes as defined in 3GPP TS 36.213 [4], the PDSCH shall be transmitted on one or several of antenna port(s)  or on the antenna ports indicated in Table 6.3.4.4-1, where  is the number of layers used for transmission of the PDSCH. 
-	PDSCH is not mapped to resource elements used for UE-specific reference signals associated with PDSCH
[bookmark: _Hlk506885387]-	In mapping to resource elements, the same positions of the cell-specifc reference shall be assumed for all antenna ports on which the PDSCH is transmitted and the positions of the cell-specific reference signals are given by clause 6.10.1.2 with the number of antenna ports and the frequency shift of the cell-specific reference signals derived as described in clause 6.10.1.2, unless indicated otherwise in clause 7.1.9 in 3GPP TS 36.213 [4],
-	if one set of parameters for cell-specific reference signal positions are provided by clause 7.1.9 in 3GPP TS 36.213 [4], the values of these parameters are used for all antenna ports whereon the PDSCH is transmitted in the resource blocks indicated by the relevant DCI.


-	if two sets of parameters for cell-specific reference signal positions are provided by clause 7.1.9 in 3GPP TS 36.213 [4], the first set of parameters are used for the set of antenna ports associated with PDSCH codeword  while the second set of parameters are used for the set of antenna ports associated with PDSCH codeword , according to codeword-to-layer mapping and layer-to-port mapping in Subclause 6.3.3.2 and Subclause 6.3.4.4, respectively.
-	If the DCI associated with the PDSCH uses the C-RNTI or semi-persistent C-RNTI, PDSCH modulation symbols on the indicated antenna ports are not mapped to resource elements assumed by the UE to be used for transmission of: 
-	zero-power CSI reference signals, where the positions of the CSI reference signals assumed for each antenna port 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 and used for all antenna ports whereon the PDSCH is transmitted, unless indicated otherwise in clause 7.1.9 in 3GPP TS 36.213 [4]
-	if one set of parameters for zero power CSI reference signal configuration is provided by clause 7.1.9 in 3GPP TS 36.213 [4], the values of these parameters are used for all antenna ports on which the PDSCH is transmitted in the resource blocks indicated by the relevant DCI, and


-	if two sets of parameters for zero power CSI reference signal configuration are provided by clause 7.1.9 in 3GPP TS 36.213 [4], the first set of parameters are used for the set of antenna ports associated with PDSCH codeword  while the second set of parameters are used for the set of antenna ports associated with PDSCH codeword  , according to codeword-to-layer mapping and layer-to-port mapping in Subclause 6.3.3.2 and Subclause 6.3.4.4, respectively.
-	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, where the positions of the non-zero-power CSI reference signals for CSI reporting are given by clause 6.10.5.2. The configuration for non-zero power CSI reference signals is obtained as described in clause 6.10.5.2.
-	PDSCH is not mapped to any physical resource-block pair(s) carrying an EPDCCH associated with the PDSCH. 
-	PDSCH with subframe duration on antenna port 7, 8, 9, 10, 11, 12, 13 or 14 is not mapped to any physical resource-block pair(s) carrying PBCH or synchronization signals. 
-	Frame structure type 1, PDSCH on antenna port 5 is not mapped to any physical resource-block pair(s) carrying PBCH or synchronization signals.
-	Frame structure type 2, PDSCH on antenna port 5 is not mapped to any physical resource-block pair(s) carrying PBCH.



-	For frame structure type 1 and 2, the index  in the first slot in a subframe fulfils  where  is given by clause 7.1.6.4 of 3GPP TS 36.213 [4]. 
-	For frame structure type 3, 
-	if the higher layer parameter subframeStartPosition indicates 's07' and the downlink transmission starts in the second slot of a subframe 



-	the index  in the second slot in a subframe fulfils  where  is given by clause 7.1.6.4 of 3GPP TS 36.213 [4],
-	otherwise 



-	the index  in the first slot in a subframe fulfils  where  is given by clause 7.6.1.4 of 3GPP TS 36.213 [4],
-	In mapping to resource elements, if the DCI associated with the PDSCH uses the C-RNTI or semi-persistent C-RNTI, and transmit diversity according to clause 6.3.4.3 is used, and if the higher-layer parameter semiOpenLoop is not set and if the DCI associated with the PDSCH is not of format 7, resource elements in an OFDM symbol assumed by the UE to contain CSI-RS shall be used in the mapping if and only if all of the following criteria are fulfilled:
-	there is an even number of resource elements for the OFDM symbol in each resource block assigned for transmission, and






-	the complex-valued symbols  and , where  is an even number, can be mapped to resource elements  and  in the same OFDM symbol with .


-	In mapping to resource elements, if the DCI associated with the PDSCH uses C-RNTI or semi-persistent C-RNTI and if the higher-layer parameter semiOpenLoop is set for subframe PDSCH or the higher-layer parameter semiOpenLoop-STTI is set for slot/subslot PDSCH or if the DCI associated with the PDSCH is of format 7, a pair of resource elements ,  shall be used in the mapping if and only if







-	the complex-valued symbols  and  can be mapped to resource elements  and  in the same OFDM symbol and the same PRB with , where  is an even number and  starts from 0 at the lowest subcarrier of the PRB.
For a UE with the higher-layer parameter blindSubframePDSCH-Repetitions set to TRUE, this clause applies to each of transmissions indicated by the repetition number in DCI format 1A with CRC scrambled by C-RNTI in UE-specific search space. 
<Unchanged parts are omitted>
6.4.2	Slot/subslot-based physical downlink shared channel
For slot or subslot-based PDSCH, in this specification referred to as slot-PDSCH and subslot-PDSCH respectively, the following additions and exceptions hold in addition to those in clause 6.4:
-	PDSCH is not mapped to resource elements of SCCEs used by the associated SPDCCH, or resource elements used for UE-specific reference signals associated with SPDCCH
-	In case of slot-PDSCH: 




-	the mapping to resource elements  on antenna port  not reserved for other purposes shall be in increasing order of first the index  over the assigned physical resource blocks and then the index, for the slot of the assigned physical resources in the subframe, and
-	in case of UE-specific reference signals, the PDSCH is not mapped to any physical resource blocks carrying PBCH.
-	In case of subslot-PDSCH:







-	the mapping to resource elements  on antenna port  not reserved for other purposes shall be in increasing order of first the index  over the assigned physical resource blocks and then the index, starting from given in Table 6.4.2-1. The starting value and the value range of  depends on the number of symbols used for PDCCH and the subslot number in the subframe, according to Table 6.4.2-1, and
-	in case of UE-specific reference signals, 
-	the PDSCH is not mapped to any physical resource blocks in frequency domain carrying PBCH or synchronization signals for the OFDM symbols of the given subslot.
-	and in case the DCI associated with the subslot-PDSCH indicates the absence of the UE-specific reference signals (see DMRS position indicator field in 3GPP TS 36.212 [3]), the PDSCH is not mapped to any physical resource blocks in frequency domain that carried PBCH or synchronization signals for the OFDM symbols of the previous subslot.


Table 6.4.2-1: Starting value of index , i.e. , for subslot PDSCH
	Number of symbols used for PDCCH
	Downlink subslot index

	
	#0
	#1
	#2
	#3
	#4
	#5

	1
	1
	3
	5
	0
	2
	4

	2
	-
	2
	5
	0
	2
	4

	3
	-
	3
	5
	0
	2
	4



-	For PDSCH associated with UE-specific reference signals, 
-	the PDSCH shall only be mapped to physical resource blocks in frequency domain assigned for PDSCH transmission where the assignment maps to both physical resource blocks of a PRG. 
-	the subslot-PDSCH shall not be mapped to the physical resource blocks of a PRG in case the resource elements of the associated SPDCCH are mapped to those physical resource blocks.
-	In addition, the following additions and exceptions related to L1 signaling and/or higher layer configuration controlling rate-matching around SPDCCH resources hold: 
-	PDSCH is not mapped to resource elements belonging to a SPDCCH resource set configured with higher layer parameter rateMatchingMode indicating ‘m2’ if either this SPDCCH resource set is not configured with higher layer parameter spdcch-L1-ReuseIndication or it is configured with higher layer parameter spdcch-L1-ReuseIndication indicating ‘0’.
-	PDSCH is not mapped to resource elements belonging to a SPDCCH resource set configured with higher layer parameter rateMatchingMode indicating ‘m3’ if the SPDCCH associated with PDSCH is found in this SPDCCH resource set and if either this SPDCCH resource set is not configured with higher layer parameter spdcch-L1-ReuseIndication or it is configured with higher layer parameter spdcch-L1-ReuseIndication indicating ‘0’. If the SPDCCH associated with PDSCH is found on a candidate belonging to two SPDCCH resource sets, the SPDCCH is assumed to be found in both SPDCCH resource sets. 
-	PDSCH is not mapped to resource elements belonging to a SPDCCH resource set configured with higher layer parameter rateMatchingMode indicating ‘m4’ if the SPDCCH associated with PDSCH is not found in this SPDCCH resource set and if either this SPDCCH resource set is not configured with higher layer parameter spdcch-L1-ReuseIndication or it is configured with higher layer parameter spdcch-L1-ReuseIndication indicating ‘0’. 
-	PDSCH is not mapped to resource elements belonging to a SPDCCH resource set configured with higher layer parameter spdcch-L1-ReuseIndication indicating ‘1’ if the bit of the Used/Unused SPDCCH resource indication field corresponding to this SPDCCH resource set in the DCI format 7 associated with PDSCH is set to 1. 

-	PDSCH is not mapped to resource elements belonging to SCCE#0 to SCCE#of a SPDCCH resource set configured with higher layer parameter spdcch-L1-ReuseIndication indicating ‘2’ if the most significant bit of the Used/Unused SPDCCH resource indication field in the DCI format 7 associated with PDSCH is set to 1.


-	PDSCH is not mapped to resource elements belonging to SCCE# to SCCE# of a SPDCCH resource set configured with higher layer parameter spdcch-L1-ReuseIndication indicating ‘2’ if the least significant bit of the Used/Unused SPDCCH resource indication field in the DCI format 7 associated with PDSCH is set to 1.
-	It should be noted that not mapping PDSCH to resource elements belonging to a SPDCCH resource set holds irrespective of other indications (spdcch-L1-ReuseIndication or rateMatchingMode) associated with other SPDCCH resource sets (if configured). 
-	For a UE with the higher-layer parameter blindSlotSubslotPDSCH-Repetitions set to TRUE and PDSCH associated with a downlink assignment sent on PDCCH/SPDCCH with DCI format 7 indicating  transmissions, the rate-matching around SPDCCH resources for PDSCH in the  valid slots/subslots following the slot/subslot containing the downlink assignment follows the rate-matching around SPDCCH resources of the PDSCH in the slot/subslot containing the downlink assignment.
For a UE with the higher-layer parameter blindSlotSubslotPDSCH-Repetitions set to TRUE, this clause applies to each of transmissions indicated by the repetition number in DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G with CRC scrambled by C-RNTI. 

------------------------------------------------End of Text Proposal to 36.211-----------------------------------------
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