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1. Introduction
Extensions to the control signaling framework have been suggested as one potential improvement for reduced control signaling overhead in small cell scenarios. In RAN WG1 #72bis, the following topics where highlighted for further study

· Multi-subframe and cross-subframe scheduling

· PDSCH/ePDCCH starting in the first OFDM symbol
Herein, we outline the benefits of introducing PDSCH/ePDCCH transmission also in the first OFDM symbol, which in our view is the primary option for reduced control signaling overhead in small cell scenarios.
2. Discussion

2.1. Assessment of Performance Gain
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. 

Table 1: Throughput gain of using the first OFDM symbol for PDSCH.

	Configuration
	# data REs/RB pair
starting symbol = 1
	# data REs/RB pair
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

2.2. Standardization Impact

The standardization impact of allowing PDSCH/ePDCCH starting in the first OFDM symbol is minimal, since LTE Rel-11 was prepared for such an extension. The PDSCH starting position, in transmission mode 10, is dynamically signaled by the ‘PDSCH RE Mapping and Quasi-Co-Location Indicator’ (PQI) in DCI format 2D. The PQI points to a configuration of pdsch-Start (which one of the parameters present in the parameter set identified by the PQI, i.e., PDSCH-RE-MappingQCL-Config). Similarly, for ePDCCH the parameter pdsch-Start (which in this case indicates the starting position of the ePDCCH) is configured as part of a ePDCCH set. 
In the specification pdsch-Start was designed to be forward compatible with the introduction of PDSCH in the first OFDM symbol, by including a value ‘reserved’ [1], which can readily be redefined as n0, corresponding to PDSCH starting in OFDM symbol 0 (the first symbol). Hence the ASN.1 code does not require any updating.
Observations:
· Rel-11 of LTE was designed to be readily extended for supporting PDSCH/ePDCCH transmissions in the first OFDM symbol

· The PDSCH/ePDCCH starting symbol is determined by the parameter pdsch-Start, which is part of the parameter sets that are dynamically indicated by ‘PDSCH RE Mapping and Quasi-Co-Location Indicator’ in DCI format 2D, and also configured for each ePDCCH set
· The value ‘reserved’ of pdsch-Start can readily be redefined to imply that PDSCH/ePDCCH is transmitted in the first OFDM symbol (i.e., be redefined as n0)
Proposal
· Introduce support for PDSCH/ePDCCH RE mapping starting from the first OFDM symbol by redefining the value ‘reserved’ of pdsch-Start as ‘n0’
2.3. Network Operation with PDSCH in First OFDM symbol

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 in combination with ePDCCH, which can be used instead to convey the DL control signaling to the UE. 

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. Hence, the proposed feature is fully backwards compatible.
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

Hence, in subframes where there are transmissions to legacy terminals, not supporting the ePDCCH, the PDCCH region is dynamically adjusted to support the legacy control channels to these UEs. 
Allowing transmissions of PDSCH in the first OFDM symbol is particularly beneficial in small cell scenarios where the traffic load is anticipated to be relatively low. Hence, in most cases there will not be UEs depending on legacy PDCCH transmissions requesting downlink data in parallel with PDSCH transmissions. However, for scenarios where a larger number of UEs are expected to simultaneously have DL data in the buffers, the PDSCH transmissions between can be dynamically partitioned in time, such that legacy UEs depending on PDCCH transmissions are prioritized in devoted subframes with PDCCH transmissions, whereas Rel-12 UE supporting PDSCH transmissions in the first OFDM symbol are prioritized in other subframes where PDCCH transmissions are avoided, see [2] for more details.
2.3.1 Managing HARQ for UL Transmissions

In a subframe where the eNodeB has taken a (dynamic) choice to transmit the PDSCH in the first OFDM symbol, the eNodeB cannot transmit the PHICH. This is, in most cases, a non-issue since a received ePDCCH will override an erroneous detection on the PHICH (i.e., if the NDI bit is toggled, there is no retransmission; otherwise the previous transport block is retransmitted according to the new allocation). 
Observation:

· While UL data is being scheduled for a UE, the PHICH is redundant since the received UL DCI message will override the PHICH.
However, when a UE has no further UL data to transmit, there may be an edge effect when the eNodeB wants to avoid unnecessary UL retransmissions by indicating an ACK to the UE. However, an ACK can readily be conveyed by, for example, transmit the PHICH in such subframes (and hence do not map PDSCH to first OFDM symbol in these cases).
Do however note that this “edge effect” is a relatively infrequent event—in particular in small cell scenarios, where the traffic load is expected to be relatively low. 
3. Conclusions
Herein we have discussed the benefits of allowing PDSCH transmissions in the first OFDM symbol, allowing for a throughput increase of 6-8% for Rel-12 UEs, with a minimum of standardization and implementation impact.

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

Proposal

· Introduce support for PDSCH mapping starting from the first OFDM symbol by redefining the value ‘reserved’ of pdsch-Start as ‘n0’
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