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1 Introduction

The general functionality of the UL HARQ protocol for LTE has been already agreed. This contribution discusses the required information contained in an UL assignment and proposes a PDCCH format which reduces the overhead by joint coding of transport format, redundancy version and new data indication as well as allows for a robust HARQ protocol operation. 

A similar scheme for downlink assignments is proposed in [2].
2 Discussion

The framework for the UL HARQ protocol has been already agreed. A synchronous-adaptive protocol has been adopted for the uplink in LTE. Retransmissions can be either implicitly scheduled by a NACK on the PHICH, i.e. non-adaptive retransmission, or explicitly scheduled by signalling a retransmission assignment on the PDCCH, i.e. synchronous-adaptive retransmission. Furthermore it has also been decided that there is no data-associated control signalling in the uplink. As a consequence, each transmission of new data needs to be explicitly scheduled with an assignment by eNB, i.e. the UE may not use a detected ACK as an implicit assignment for transmission of new data like in HSUPA. 

In [1] RAN1 already concluded on PDCCH fields for uplink and downlink assignments as a basis for further design of the PDCCH format. 

Similar to the downlink also the uplink assignment needs to indicate whether new data, i.e. initial transmission, or a retransmission of a transport block shall be transmitted by the UE. Furthermore the redundancy version (RV) to be used for a retransmission is indicated on the PDCCH, i.e. in case of synchronous-adaptive retransmissions the eNB explicitly signals the redundancy version the UE should use.  As outlined in [1] it’s under consideration to jointly encode the new data indicator (NDI) and the RV into a combined field, also referred to as Retransmission Sequence Number (RSN), in order to save one extra bit for the NDI. The same concept has been also used for HSUPA, i.e. RSN on the E-DPCCH. The uplink assignment further contains transport format (TF) information the UE has to use for the corresponding uplink transmission. The term transport format is used to address the transport block size or payload size of the data transmission or, alternatively, to address the Modulation and Coding Scheme (MCS) to be used for the data transmission. 

Generally it’s very important to minimize the overhead on the PDCCH for uplink assignments in order to increase the system efficiency. Therefore a PDCCH format for uplink assignments should be adopted which is efficient in terms of overhead as well as which allows for a robust HARQ protocol operation. As already mentioned – in order to avoid an extra bit on the PDCCH – the NDI can be combined with the RV information into the RSN field. 
The PDCCH overhead for uplink assignments can be further reduced when making use of the fact that the Transport Format (TF) information needs to be only provided in assignments triggering the transmission of new data, assuming an error-free HARQ operation.  The only scenario where an UE benefits from receiving the TF information also in a retransmission assignment is a combination of two error events, as outlined in the following. 

As illustrated in Figure 1, the UE misses the PDCCH carrying the assignment for an initial transmission. Consequently the UE is not transmitting any data on the assigned resource, i.e. DTX on the PUSCH. However due to a power detection failure the eNB assumes a data transmission on the PUSCH and tries to decode the received signal. Obviously the CRC check fails in this case. In case the eNB explicitly schedules a retransmission on the PDCCH, i.e. a synchronous-adaptive retransmission, the HARQ protocol can only continue normally in case the retransmission assignment contains TF information. In case the TF information is not provided on the PDCCH a new residual HARQ error case happens since the UE cannot follow the retransmission assignment. This new error case would result in a RLC retransmission in case of RLC AM or a lost packet in case of RLC UM. However it’s assumed that this error case (missed PDCCH + Power detection failure) occurs with a probability of less than 10-4.
Based on the analysis above that it is obvious that there is no significant degradation of the HARQ protocol performance in case a retransmission assignment doesn’t provide TF information to the UE and therefore it can be concluded that the TF information needs to be only provided in an uplink assignment for an initial transmission. 

Conclusion: The Transport Format information needs to be only provided in an uplink assignment on the PDCCH for an initial transmission
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Figure 1: missed PDCCH + Power detection failure (DTX-NACK)

3 PDCCH format for uplink assignments

Above made conclusion can be utilized when designing the PDCCH format for uplink assignments. A separate indication of the RV information and also an explicit indication of new data, e.g. by means of an explicit RSN field, can be avoided when the NDI, TF and RV information is encoded jointly.  An example for the combined NDI/TF/RV field is given in the table below.
	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
	



Table 1. Joint coding of transport format information, redundancy version and new data indicator
As can be seen from the table, the values of the combined NDI/RV/TF field on PDCCH are divided into two different ranges. Values of the first range, here referred to as TF range, indicate that the UE shall create and transmit a new transport block with the signalled transport format. The redundancy version of the initial transmissions is always set to zero, as also in the case when using a RSN field. The entries of the second range, i.e. the RV range, indicate the redundancy version to be used for a synchronous-adaptive retransmission of a transport block. The TF information is already known from the assignment of the initial transmission, hence doesn’t need to be signalled again.  

The joint NDI/TF/RV field causes a reduction of two TF entries (assuming three RVs being available for retransmissions), since the “out of range” value for the transport format for retransmissions is not required. Assuming a 5-bit transport format field 29 instead of 31 values would be available for indicating the transport format. However, more importantly, the proposed scheme saves two bits on the PDCCH for uplink assignments compared to a solution where the RV info and the indication of new data is signaled in a separate field (RSN). This is a significant saving. 
4 Conclusion 

In this contribution we discuss the signaling of the transport format, redundancy version and new data indicator on the PDCCH for uplink assignments. It has been shown that by jointly encoding the transport format, redundancy version and the new data indication, the overhead on the PDCCH can be greatly reduced. The proposed PDCCH format for uplink assignments enables a robust HARQ protocol operation. A similar conclusion for PDCCH DL assignments is provided in [2]. Therefore, we propose the joint coding of TF/RV/NDI being adopted for LTE.
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