3GPP TSG-RAN WG1 Meeting #58














     R1-093566
Shenzhen, China, 24th – 28th August, 2009
Source: 
Nokia Siemens Networks, Nokia
Title: 
TTI repetition for 2msec TTI coverage enhancement
Agenda Item:
8
Document for:
Discussion
Introduction
During the last RAN1#57bis, we presented some simulation results relating to 2msec TTI coverage extension schemes combining repetition and HARQ. For convenience, these schemes and the simulation results are restated in Appendix A. The simulation results showed that the proposed schemes are capable of extending 2msec TTI coverage to the same level as the 10msec TTI whilst maintaining the 2msec TTI latency criteria.
During the discussion, some questions were raised with regard to the signalling and error conditions, which this document addresses.

Switching between normal 2msec TTI and repetitions

We assume that the UE switches between normal 2msec TTI operation and repetition on a dynamic basis depending on it’s current TX power. As described in the Appendix, 2msec subframes are repeated and groups of repetitions may be retransmitted. We refer to groups of subframes that are retransmitted as “Super HARQ” processes in this document. We assume that eventually only 1 type of repetition scheme is used; as an example we assume 4 repetitions / 3 superHARQ processes in the following discussion. With each of the schemes described in Appendix A, when operating with repetition the number of super HARQ processes is less than HARQ processes available during normal operation. This arises because the UEs power limitation is being traded off against transmission duration. 
Switching from normal 2msec TTI operation to repetition
In order to maintain system simplicity and error robustness, switching between normal 2msec TTI operation and repetition should take place only at the boundary between HARQ process 8 and HARQ process 1; i.e. there is a switching opportunity every 16msec.
Assuming 4 times repetition, there are 3 “Super” HARQ processes. As long as there are 3 or fewer active HARQ processes with normal 2msec TTI operation, then these should be mapped to the “super” HARQ processes (That is, the softbit buffers relating to the mapped HARQ processes should be carried into the super HARQ processes). If there are > 3 active HARQ processes, then some may have to be queued; however for VoIP operation >3 active processes is not likely.

Each of the active processes will already have made some transmissions. The remaining number of transmissions for the super HARQ processes will depend on the amount of transmissions made on each process prior to the switching; a lookup table could be defined relating the number of pre-switch transmissions of a HARQ process to the number of post switch retransmissions.
In at least the first super HARQ process, it may not be possible to take into account ACK/NACK feedback from the last transmission of the last mapped 2msec TTI process, in which case, NACK would need to be assumed. This will be the case if any HARQ process other than process 1 is mapped to the first super HARQ process.
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Figure 1 Switching from normal operation to repetition
Switching from repetition to normal 2msec TTI operation

Switching between repetition operation and normal 2msec TTI operation should only take place on a 16msec process cycle boundary. The 3 superHARQ processes should be mapped to 3 normal 2msec TTI processes. The amount of outstanding retransmissions with normal 2msec TTI operation will depend on the number of transmissions made for the superHARQ processes.
The mapping from superHARQ to normal processes should use normal processes that correspond to the ACK/NACK feedback sent relating to the super HARQ process.
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Figure 2 Mapping Super HARQ processes to normal processes after switching back to normal operation
Signalling of switching between normal operation and repetition
IF the UE switches from normal 2msec TTI operation to repetition or vice versa, then it is necessary for the UE to have a means of signalling the operation mode to receiving Node Bs. Several methods exist for such signalling:

· Re-definition of E-TFCI bits on E-DPCCH

· New DPCCH format

· Detection of E-DPCCH power offset

The most promising method is re-definition of the E-TFCI bits. A UE that is likely to become coverage limited is also unlikely to use the highest data rates. Thus, when configuring the UE into a repetition capable mode, the E-TFCI could be re-interpreted to include a smaller number of E-TFCs, but also the possibility to indicate some E-TFCs being transmitted using repetition. The E-DPCCH needs to be transmitted in the first TTI only with the same beta_ec as used for conventional 2msec TTI transmissions.
An error analysis for the use of such signalling is as follows:

· Node B assumes repetition when there is no repetition

Since a switch from no repetition to repetition can only occur at 16msec frame boundaries, the probability of this error event is low. In this case, the Node B will erroneously assume that the following N TTIs (where N is the repetition factor) are repetitions and not look for E-DPCCH. Then, on the N+1th TTI, the Node B will again decode E-DPCCH and with high probability receive an E-TFCI indicating no repetition. For 2 and 4x repetition, this indication will be on a non 16msec boundary. On the 2N+1th TTI, the Node B is again  likely to decode a no repetition indication. For 4x repetition, the Node B will then revert to no repetition operation. For 2x repetition, the Node B can surmise that the first received repetition indication was in error and revert to no repetition operation.

The Node B will fail to decode the 2N 2msec TTI transmissions. It will send a NACK for the N and 2Nth transmission and fail to send ACK/NACK for the other 2N-2 transmissions. Furthermore, the super HARQ process buffers would become corrupted Thus some throughput effect would be observed, however the incidence of such error events is low (<0.1%) and hence the impact to overall throughput would be correspondingly low.

· Node B decodes no repetition where there is repetition

Since the E-DPCCH is not transmitted all of the time during repetition, and a switch can only occur at a 16msec boundary, the incidence of this error event is similarly low.
In this case, the Node B will attempt to decode E-DPCCH during repetitions, in which it is not transmitted. This should lead to the Node B assuming no UL transmission, and hence not attempting to decode the repeated transmission and not transmitting ACK/NACK. Assuming that the Node B decodes the E-DPCCHs in the following repetition transmissions correctly, then it will return to no repetition mode and continue operation as previously after at most 2N 2msec TTIs.

· Node B decodes incorrect TFC or RSN, but decodes repetition status correctly

These error events will lead to the same behaviour as is the case for conventional operation.

Conclusion

Signalling and error events for enabling 2msec TTI transmission have been discussed. Signalling can be achieved by re-interpretation of the E-TFCI and does not impose a higher overhead than for conventional 2msec TTI operation. Mis-decoding the E-TFCI leads to recoverable error conditions, that may in the worst case cause several TTIs of throughput loss. However the probability of such error events is relatively low, since it is dependent both on the E-DPCCH error rate and the incidence of possible switching points. The incidence could be further reduced by further constraining the possibilities for switching instances.
Appendix 1: Repetition/HARQ schemes

The following repetition/HARQ schemes were described in [1] and are summarised here for convenience.
Option 1: 4msec transmission duration, max 4 retransmissions

The first option for combination of longer transmission and repetition is to extend the transmission duration to 4msec. We assume that retransmissions are performed 16msec after the start of a preceding transmission, and that the ACK/NACK timing with respect to the start of the transmission is kept the same from the UE perspective. 
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Figure 3 4msec transmission time scheme
Option 2: 8msec transmission duration, max 2 retransmissions

A second option is to consider an 8msec transmission duration. In this case, we assume that retransmissions occur 24msec following the start of a prior transmission. The ACK/NACK timing with respect to the start of a retransmission is kept the same from the UE perspective. The scheme thus allows for the possibility of extending the DL E-HICH transmission to 4msec, which could assist in reducing the downlink overhead for signalling. The HARQ RTT is increased, however the timing of the enhancement scheme remains aligned to the 8 HARQ process cycle of the 2msec TTI.

The HARQ retransmission rate is set such that L1 congestion is avoided and the latency is maintained at a similar level to the 10msec TTI. With this scheme, maintaining of the HARQ retransmission rate is the key factor affecting coverage, rather than attaining the residual BLER target.
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Figure 4 8msec transmission time scheme

Option 3: 16msec transmission duration, max 1 retransmission

The third option is to extend the transmission duration to 16msec. A maximum of 1 retransmission is allowed, which occurs 32msec after the start of the first transmission. The ACK/NACK timing with respect to the retransmission timing is kept the same as for the 2msec TTI from the UE perspective. This timing allows for an E-HICH duration of up to 4msec at the Node B, which could assist in reducing DL signalling overhead.

The HARQ retransmission rate is set such that L1 congestion is avoided and the latency is maintained at a similar level to the 10msec TTI. With this scheme, maintaining of the HARQ retransmission rate is the key factor affecting coverage, rather than attaining the residual BLER target.
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Figure 5 16msec transmission time scheme
Appendix 2: Repetition/HARQ coverage and latency performance

The following table describes the relative coverage to the 2 and 10msec TTI of the schemes described above. The 2msec repetition scheme experiences some difficulty in maintaining performance to the 10msec TTI in the VehA channel. Otherwise, the schemes meet or exceed the coverage of the 10msec TTI.

	Scheme
	Pedestrian A
	Vehicular A

	
	Coverage difference to 2msec TTI
	Coverage difference to 10msec TTI
	Coverage difference to 2msec TTI
	Coverage difference to 10msec TTI

	2*2msec subframes
	+3dB
	0dB
	+3.25dB
	-0.75dB

	4*2msec subframes
	+5dB
	+2dB
	+4dB
	0dB

	8*2msec subframes
	+3dB
	0dB
	+4dB
	0dB


The latency per PDU is dependent on the number of retransmissions for the PDU and the queuing delay. The table below indicates 95% and maximum latency figures. The tail of the latency distribution is a little longer than the 10msec TTI, however 95% of PDUs achieve 10msec latency.

	Scheme
	95% Latency
	Maximum Latency

	10msec TTI
	60msec
	60msec

	Repetition Option 1
	60msec
	66msec

	Repetition Option 2
	63msec
	75msec

	Repetition Option 3
	60msec
	80msec


[1] R1-092829 TTI repetition for improved performance in large cells
Nokia Siemens Networks, Nokia
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