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1. Introduction
As part of DCI format 2D in TM10, support of dynamic signaling of one out a four states for PDSCH RE mapping and quasi co-location info was recently agreed in RAN1 #70bis.
RRC Signalling:

· Configure up to 4 sets per CC of PDSCH RE mapping and quasi-co-location parameters to be indicated by DCI format 2D.

The meaning of the four states is configurable by means of RRC and the flexibility with respect to PDSCH RE mapping is quite extensive. One of the unresolved discussion points pertains to the signaling of PDSCH starting symbol where there is an FFS whether the PDSCH mapping can start on the first OFDM symbol or not, as marked in yellow below.
Default values are suggested in case RAN2 decides to specify default values. 

· Each state that can be signaled in DCI format 2D/C for TM10 corresponds to a higher-layer list of parameters:

· One number of CRS ports {1, 2, 4, and a reserved value that has no Rel-11 UE behaviour attached to it}, one CRS frequency shift, and one MBSFN subframe configuration 

· By default: the CRS and MBSFN configuration of the serving cell

· One configuration of ZP CSI-RS

· By default: the ZP CSI-RS configuration which the UE assumes for PDSCH rate matching and RE mapping when scheduled with the fallback DCI format 1A in TM10

· PDSCH starting symbol: one value N = {0 or reserved value (FFS),1,2,3,4 (only for system BW of <=10PRBs),PCFICH of serving cell in case of non-cross-scheduling or higher-layer configured value in case of cross-carrier scheduling}

· In MBSFN subframe (according to the DCI-indicated MBSFN subframe configuration): min(2,N). Otherwise: N.

· By default: the starting position of PDSCH indicated by PCFICH of the serving cell in case of non-cross-scheduling or higher-layer configured value in case of cross-carrier scheduling

· FFS whether some handling is needed for an indicated starting symbol earlier than the end of the PDCCH in the serving cell

· One NZP CSI-RS resource index

· QCL is assumed between DMRS and the CSI-RS resource

· Discuss in RAN2 whether or not a default value should be specified

This contribution discusses the use case of allowing the PDSCH to start on the first OFDM symbol, providing motivation for removing the FFS and agreeing on the support of the value 0.

2. Discussion
Letting the PDSCH start on the first, instead of on the second, OFDM symbol gives a considerable saving of overhead translating to a throughput gain of 6 — 8%, as can be seen from Table 1. Obviously, it is difficult using the legacy DL control in subframes where the PDSCH is mapped onto the first OFDM symbol since it would collide with the legacy DL control signaling. Such mapping possibility is hence natural to use only when ePDCCH is available, which can be used to instead convey the DL control signaling to the UE. As will be evident by the following, mapping PDSCH onto the first OFDM symbol is a feature that would be useful already in Rel-11.
Table 1: Throughput gain of using the first OFDM symbol for PDSCH.

	Configuration
	# data REs
starting symbol = 1
	# data REs
starting symbol = 0
	Throughput gain

	2 CRS, rank 1—2,
normal CP
	132
	140
	140/132 = 6%

	2 CRS, rank 3—8,
normal CP
	120
	128
	128/120 = 7%

	4 CRS, rank 1—2,
normal CP
	124
	132
	132/124 = 6%

	4 CRS, rank 3—8,
normal CP
	112
	120
	120/112 = 7%

	2 CRS, rank 1—2,
extended CP
	104
	112
	112/104 = 8%

	4 CRS, rank 1—2,
extended CP
	96
	104
	104/96 = 8%


Observation

· Using a PDSCH mapping starting on the first OFDM symbol gives a significant throughput gain in the subframes that take advantage of it

· 6 – 8% depending on number of configured CRS, normal or extended CP and the rank
· Support for PDSCH mapping  starting on the first OFDM symbol is a feature useful already in Rel-11
Proposal

· Introduce support for PDSCH mapping starting from the first OFDM symbol as part of the dynamic signaling in DCI format 2D

The use of the proposed feature of a size zero legacy DL control region is straightforward. The eNodeB would simply refrain from transmitting PCFICH and the remaining legacy DL control in subframes where the PDSCH is mapped to the first symbol. A UE will try to decode the PCFICH and the PDCCH, but the CRC of the PDCCH will not check, similarly to as in subframes with normal control region sizes but with no PDCCH transmitted to the UE. 
Observation

· A control region size of zero would be properly interpreted by a UE to mean that no legacy DL control transmissions occur for the UE
Because the legacy DL control region does not exist, it is important that transmissions to UEs not supporting ePDCCH use different subframes than the ones where PDSCH is mapped to the first OFDM symbol. To ensure that this is the case, the subframes can be divided into two sets as illustrated in Figure 1. Users supporting ePDCCH can be allocated to a set A of subframes. Another set B is available for all UEs, including UEs only capable of legacy DL control. The set B of subframes can be chosen in a similar manner as the selection of ABS, i.e., one or more 8 ms cycles of subframes. This ensures that there are no problems due to the synchronous HARQ operation in the uplink. 
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Figure 1: Subframes divided into two sets. Set A for UEs supporting ePDCCH and Set B for UEs only supporting legacy DL control as well as UEs supporting ePDCCH. Set A also contains a few subframes with SIB1 transmissions and for those subframes the control region size needs to be at least 1.
Observation

· The subframes can be divided into two sets, A and B, where

· Set A is devoted purely to UEs supporting ePDCCH

· Set B is used for UEs not supporting ePDCCH, but may in addition also carry UEs that support ePDCCH
· The set B of subframes may be constructed as one or more 8 ms cycles of subframes to avoid problems due to synchronous UL HARQ

· similar to how ABS patterns are constructed

Note that the two subframes sets can be changed in a highly dynamic manner to track the potentially time-varying mixture of UEs supporting and not supporting ePDCCH. The reason for this is that a subframe can always be re-classified from type A to type B in an instantaneous fashion if needed, this since all UEs may use type B subframes, albeit with higher overhead due to a larger control region. Re-classifying from type B to A can also be made instantly as long as there are no outstanding legacy DL control message due to the UL HARQ operation that must be transmitted. When there is no data to transmit to or receive from UEs supporting only legacy DL control essentially all subframes can be of type A with no control region and thus let the system enjoy significant reduction in overhead. As soon as one or more UEs with legacy DL control wishes to transmit or receive data, one or more 8 ms cycles of subframes are re-classified to type B, but we emphasize that future subframes of such cycles may later be instantaneously reclassified in case it later turns out that no UEs with legacy DL control need any transmissions. As the number of UEs supporting ePDCCH grows, this provides a seamless transition of a carrier to pure ePDCCH operation with minimal overhead, yet prepared for dynamic variations with respect to the proportion of UEs supporting ePDCCH.
Observation

· The classification of subframes into Set A and Set B can be updated in a highly dynamic fashion taking the variations of traffic and proportion of UEs supporting ePDCCH into account. .

· Support of PDSCH mapping onto the first OFDM symbol allows a seamless and dynamic transition towards ePDCCH operation with minimal overhead
3. Conclusions
In this contribution we discussed the support of PDSCH mapping starting from the first OFDM symbol to significantly decrease unnecessary overhead in conjunction with ePDCCH operation. Based on the discussions we propose

· Introduce support for PDSCH mapping starting from the first OFDM symbol as part of the dynamic signaling in DCI format 2D

and observe

· Using a PDSCH mapping starting on the first OFDM symbol gives a significant throughput gain in the subframes that take advantage of it

· 6 – 8% depending on number of configured CRS, normal or extended CP and the rank

· Support for PDSCH mapping  starting on the first OFDM symbol is a feature useful already in Rel-11
· The subframes can be divided into two sets, A and B, where

· Set A is devoted purely to UEs supporting ePDCCH

· Set B is used for UEs not supporting ePDCCH, but may in addition also carry UEs that support ePDCCH

· The set B of subframes may be constructed as one or more 8 ms cycles of subframes to avoid problems due to synchronous UL HARQ

· similar to how ABS patterns are constructed

· The classification of subframes into Set A and Set B can be updated in a highly dynamic fashion taking the variations of traffic and proportion of UEs supporting ePDCCH into account. .

· Support of PDSCH mapping onto the first OFDM symbol allows a seamless and dynamic transition towards ePDCCH operation with minimal overhead

