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1 Introduction

On the downlink control signaling the definitions and the sizes of the PDCCH fields are still open. As the PDCCHs are required for scheduling uplink and downlink data, they contribute significantly to the overall system overhead. This contribution discusses the Transport Format (TF), Redundancy Version (RV) and New Data Indicator (NDI) signaling for downlink assignments on the PDCCH and proposes a scheme to reduce the overhead caused by these parameters by means of joint coding.

The same scheme for uplink assignments is proposed in [1].

2 Discussion

In an LS to RAN 1 [2], RAN2 concluded that from an HARQ protocol operation point of view there is “… no significant performance difference …” between an (explicit) NDI being toggled for each new transmission (1-bit sequence number as in HSDPA) and using a special RV value for indicating new data (also refereed to as RVI in [3]). This conclusion is based on an analysis in [3], in which different HARQ protocol error cases are considered. Assuming such a joint coding of RV and NDI, [3] also describes the resulting UE behavior if a UE is expecting a PDCCH indicating an initial transmission but instead receives a PDCCH indicating a retransmission. In such a case, the UE shall always send an ACK regardless of the result of data decoding on the PDSCH, since it cannot distinguish between an ACK‑to‑NACK error and a combined missed‑PDCCH + DTX‑to‑NACK error at eNodeB (details are shown in the Annex). As a consequence, the UE has always to receive the PDCCH of the initial transmission of a transport block in order to start decoding the data on the PDSCH, which in turn suggests that the signaling of the Transport Format is only required when an initial transmission of a transport block takes place.

Conclusion:

Signaling of the Transport Format on the PDCCH is only required at the initial transmission of a transport block
3 Proposal

Applying the conclusion above and additionally assuming a fixed Redundancy Version for the initial transmission, the signaling of the Transport Format is only required for initial transmissions and the signaling of the Redundancy Version is only required for retransmissions. To save PDCCH overhead, it is useful to employ a single PDCCH field for indicating both the Transport Format and the Redundancy Version. I.e. the Transport Format is signaled at initial transmissions and the Redundancy Version is signaled at retransmissions. Therefore, we propose a joint coding of the Transport Format, the Redundancy Version and the New Data Indicator in a single PDCCH field as shown in Table 1. Here, for an initial transmission of a transport block, the eNodeB signals a value from the TF range indicating the used MCS level or transport block size, whereas for a retransmission the eNodeB signals a value from the RV range in order to indicate the Redundancy Version (the Transport Format is known from the initial transmission). 

This causes a reduction of two TF entries (assuming three RVs being available for retransmissions), since the TF “out of range” value for retransmissions is not required. I.e. assuming a 5-bit Transport Format field, 29 instead of 31 values for indicating the TF are available. However, more importantly, this scheme saves the two RV bits on the PDCCH, which is a significant saving especially for the compact DL assignment.

It should be noted, that from a HARQ protocol operation point of view (as assumed in [3]), the behavior is identical to the case of having separate Transport Format and joint RV/NDI fields.

Table 1. Joint coding of Transport Format, Redundancy Version and New Data Indicator

	Signaled Value (binary)
	TF
(e.g. TBS)
	RV
	NDI
	Ranges

	00000
	…
	0
	1
	TF range 
(new data)

	00001
	…
	0
	1
	

	00010
	100
	0
	1
	

	00011
	120
	0
	1
	

	00100
	144
	0
	1
	

	00101
	…
	0
	1
	

	…
	…
	…
	…
	

	10111
	…
	0
	1
	

	11000
	…
	0
	1
	

	11001
	800
	0
	1
	

	11010
	960
	0
	1
	

	11011
	…
	0
	1
	

	11100
	…
	0
	1
	

	11101
	N/A
	0
	0
	RV range
(reTX)

	11110
	
	1
	0
	

	11111
	
	2
	0
	


4 Conclusion

In this contribution we discuss the signaling of the Transport Format, Redundancy Version and New Data Indicator on the PDCCH for downlink assignments. It has been shown that by jointly encoding the Transport Format and the Redundancy Version, two bits on the PDCCH can be saved without any impact on the HARQ protocol performance. A similar conclusion for PDCCH uplink assignments is provided in [1]. Therefore, we propose the joint coding of the Transport Format and the Redundancy Version being adopted for LTE.
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Figure A1 – Error cases 
As mentioned in [3], the UE cannot distinguish between the error cases (a) and (b) in case of a joint NDI and RV coding. Since, it is assumed that error case (b) occurs significantly less frequently than error case (a), the HARQ protocol should be optimized for case (a). I.e. in case the UE receives a PDCCH indicating a retransmission, but is expecting an initial transmission, the UE should assume error (a) (ACK-to-NACK error of transport block #n), discard the transport block and send an ACK.
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