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Discussion and Decision
1 Introduction
In this contribution we present a discussion on the need for a memoryless signalling of the transport block size (TBS) as well as for H-ARQ information within the PDCCH payload. The discussion is applicable for both FDD and TDD configurations, and might be used for uplink grants, even that the discussion is focused on the downlink control information (DCI).
2 Discussion

In the recent e-mail discussion on the reflector with the topic “[LTE ctrl] Signaling of RV and NDI” prior to this meeting, there have been presented different ways of indicating the transport size. To summarize, the discussion has been centered on whether the new data indicator (NDI) and redundancy version (RV) should be signalled jointly coded within the the transport block size field by reserving a number of states for these vaules. Before targeting a specific solution for this issue we would like to raise some concerns that we have in this connection.

Generally speaking we can divide the TBS signalling into two main groups:

2.1 TBS signalling with memory
In this category the TBS and the NDI are jointly coded, such that the TBS is only available for the first transmission, while the retransmissions will only be able to extract the new data indication as well as the redundancy version for the retransmissions. Schemes relying on this method include:
R1-080128 from Panasonic, where the signalling of transport block size includes the information on the selected redundancy version of the given retransmission. That is, the transport block size is only defined for initial transmissions.

These signalling schemes are typically characterized by fewer bits needed in total for the PDCCH payload.

2.2 Memoryless TBS signalling

In this category we will have a signalling scheme where the UE will always be able to derive all the relevant information related to the demodulation and decoding from the PDCCH payload for each transmission, irrespective of whether it is a new transmission or a retransmission.. This will not preclude any joint coding of any of the DCI fields, but will require that for instance the TBS will be signalled/indicated for all DL allocations (including retransmissions). Schemes operating in this manner includes:

R1-080436 form Motorola discusses a principle that is based on the memoryless signalling. In this scheme the TBS signalling and H-ARQ information (NDI and RV) are signalled independent on each other, thereby ensuring that the TBS information is available for all transmissions.
Signalling schemes like these are typically characterized by the need for more bits needed in total for the PDCCH payload.

2.3 Discussion of why we see the need for memoryless TBS signalling.
To illustrate the need for memoryless TBS signalling, we have put up the “state tree” for the case of an initial transmission, followed by a discussion of the different outcomes:
	UE decodes 1st PDCCH
	Yes
	No

	PDSCH decoded correctly by UE
	Yes
	No
	N.A.

	UE transmits (on PUCCH)
	ACK
	NACK
	DTX (unless multiplexed with uplink data)

	ACK/NACK information detected at e-Node B
	ACK
	NACK
	ACK
	NACK
	ACK
	NACK

	Outcome
	OK
	(1)
	(2)
	OK
	(3)
	(4)


The different outcomes are discussed here:

(1): Here we have a ACK to NACK error, which means that the PDSCH will be retransmitted once more. As there will be a clear indication that the new retransmission is actually a retransmission, the UE will simply retranmit its ACK.

(2): This is a NACK to ACK error, which causes the e-Node B to initiate a new transmission, and the opportunity of fast L1 recovery of the H-ARQ information is not possible. This error case is handled by upper layer signalling.

(3) As the UE does not transmit any H-ARQ information in the uplink, it will simply transmit “nothing”, as it does not have a PUCCH channel associated. In case that the DTX is interpreted as an ACK at the e-Node B, we will have to rely on upper layer signalling to recover. Additional overhead and delays will be the end result for this case.

(4): If the DTX from the UE is seen by the e-Node B as a NACK, the e-Node B will do a retransmission assuming that the UE already has information on TBS, NDI, etc. As this is not the case, the e-Node B will continue retransmitting a number of times, and higher layer signalling is needed to recover. In this case we would have recovered with memoryless TBS and H-ARQ signalling.
As can be seen from the above discussion, we will need higher layer signalling to recover from any missed detection of the PDCCH.
In addition, even if  R1-071648 (Target Quality on LTE Control Signaling, NTT DoCoMo) mention 1% BLER of the PDCCH as a desired target, our system level simulations (background information based on the results presented in R1-080303, section 6) have shown that the PDCCH will require significant power boosting to reach the 1% BLER level, while this boosting will reduce the number of scheduled users per TTI by 40%. These results are shown in Figure 1. The simulation parameters for these results are given in R1-080303, section 6.
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Figure 1 Left figure: Simulation results on the average PDCCH BLER as a function of the additional power boosting of the PDCCH. Right figure: Average number of dynamically scheduled downlink users as a function of the additional power boosting of the PDCCH.
3 Conclusions

We have presented a discussion of the consequences of memory based transport block size signalling, and we find that the penalty in increased signalling load of making the TBS signalling memory less is less than the penalty of missed PDCCH detection – especially seen from a system capacity point of view. Thus we propose that the control information for the downlink allocations are based on memoryless signalling. From a consistency point of view, we propose that the same strategy is adopted for UL resource grant signalling.
