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1
Introduction
In RAN2 meeting #58 in Kobe a decision was made to support in uplink both non-adaptive and adaptive synchronous HARQ, i.e., HARQ retransmissions may or may not be scheduled. In this contribution, the consequences of this decision are discussed and a way forward is proposed.
2
Discussion on agreed non-adaptive HARQ
RAN2 #58 agreed that a non-adaptive HARQ, where retransmissions are not scheduled, is the base line solution but retransmissions can be scheduled if needed. Thus when a UE receives a NAK, it will retransmit the transport block using the same resource as for the intial transmission but the eNB can override the old allocation by sending a new UL allocation on PDCCH. This has some implications which are discussed in the following subsections.
2.1
Interpretation of ACK/NAKs
The probability of error for the ACK/NAK channel should be less than 0.1% whereas the probability of error for the UL allocation send on PDCCH should be less than 1% [6]. This implies that in 1% of the cases when eNB wants to schedule the retransmission, UE does not receive the allocation but most probably receives the NAK. When this happens, the UE will retransmit using the same resource as used for the initial transmission and most probably collides with some other transmission and both transmissions are lost.
To avoid retransmission using a wrong resource, the eNB should send an ACK whenever it schedules the retransmission. Thus ACK cannot be interpreted as real ACK since retransmissions may or may not continue. ACK is simply used to stop non-adaptive retransmissions and dynamically scheduled adaptive retransmissions may continue.
This implies that the agreed non-adaptive HARQ scheme requires two separate control channels:

-
ACK/NAK channel is simply used to control the non-adaptive HARQ retransmission: NAK implies non-adaptive retransmission whereas ACK stops them (but does not mean that the block was correctly received), and
-
UL grants on PDCCH are used to schedule adaptive retransmissions.
It should be noted that ACK/NAK channel is needed always if the non-adaptive HARQ is allowed by the specification even if all the retransmissions were scheduled.

2.2
Control channel overhead

One main purpose for introducing semi-persistent scheduling for E-UTRAN UL was to reduce the control channel overhead. With semi-persistent scheduling the initial transmissions are not scheduled. This always reduces the control channel overhead.
With semi-persistent scheduling and non-adaptive HARQ, a separate ACK/NAK channel is always needed. RAN1 results show that sending separate ACK/NAK is very expensive: a separate ACK/NAK has to be sent strongly coded (repetition) and with high power in order to guarantee low enough error probability [4]. Rough calculations show that for 5 MHz bandwidth separate ACK/NAKs require resources of about two L1/L2 control channels (PDCCHs). The reservation for separate ACK/NAKs has to be done based on the maximum allowed transmissions per TTI even if only few users are scheduled per TTI.

With fully adaptive HARQ, retransmissions are always scheduled and no separate ACK/NAK channel is needed. For 5 MHz bandwidth 6 control channels are available for UL allocations on average. With adaptive HARQ, all these channels can be used for scheduling retransmissions for all users and new transmissions for dynamically scheduled users. With non-adaptive HARQ, resources of two control channels are reserved for ACK/NAKs and only 4 control channels are available for scheduling retransmissions and new transmissions.
System simulations show that the VoIP capacity is dropping due to the control channel limitations caused by separate ACK/NAKs. Even for non-adaptive HARQ, more that 50% of the retransmissions require scheduling when the load is high, i.e., when the control channel overhead should be reduced most. Thus for high load we have both ACK/NAK overhead and UL allocation overhead for the non-adaptive HARQ whereas for fully adaptive HARQ no ACK/NAK overhead is needed.
Table 1: UL VoIP capacity for 5 MHz bandwidth
	
	VoIP users
	Average # of control channels per TTI
	IoT [dB]
	BLER of first transmission

	Adaptive HARQ (6 PDCCHs)
	221
	2.7
	8.0
	34%

	Non-adaptive HARQ (4 PDCCHs)
	212
	3.6
	8.1
	35%


2.3
HARQ operating point

An argument for the non-adaptive HARQ was the HARQ operating point. In [5], a VoIP scheme with a single RB per user per TTI was presented which results on average into 3 transmissions per packet. Such scheme implies that the initial transmission is not self decodable (contains only part of the information bits) and requires always at least one retransmission. If such a scheme were adopted, the first retransmission should be considered as part of the initial transmission and should be persistently allocated. Thus only one transmission per packet on average requires UL allocation with adaptive HARQ. With non-adaptive HARQ, three ACK/NAKs and 0.5 UL allocations are required per packet (since more than 50% of retransmissions require allocation). Furthermore, the transport block size signalling should be defined to support larger transport blocks than the used physical resource. This requires more bits for transport block size signalling if the same granularity of sizes is kept.
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Figure 1: Non-adaptive HARQ scheme of [5]
The smaller granularity of 1 RB per retransmission proposed in [5] can easily be achieved with adaptive HARQ by allocating 2 RBs for initial transmission and 1 RB for retransmissions. This has the advantage of 5 ms smaller delay and smaller control channel overhead.
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Figure 2: Adaptive HARQ with smaller granularity for retransmissions
2.4
More complex control channel design
With non-adaptive HARQ an additional ACK/NAK channel has to be designed, standardised and implemented. The ACK/NAK channel is likely to be different for scheduled and semi-persistent users since for the scheduled users the ACK/NAK resource is tied to the control channel used for UL allocation. 

Adaptive HARQ implies that all the retransmissions are scheduled. This has the advantage that no separate ACK/NAK channel is needed in the DL. Retransmissions are requested with UL allocation (implicit NAK) and an UL allocation for a new transmission implies that retransmissions are not continued. 
3
Conclusions

The agreed non-adaptive HARQ scheme with scheduled retransmissions when needed leads to lower capacity, increased control channel overhead and more complex standard and implementation. Therefore, we propose RAN2 to reconsider the decision and adopt a simpler adaptive HARQ where all the retransmissions are scheduled. By scheduling the retransmissions always has the advantage that explicit ACK/NAKs are not needed since the scheduling of a retransmission can be seen as an implicit NAK [2].
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Annex: Simulation Assumption 
Table A1: Deployment Scenarios

	Scenario
	CF
(GHz)
	ISD
(m)
	BW
(MHz)
	PLoss

(dB)
	Speed (km/h)
	Propagation Model

(R in Km)

	Case 1
	2 
	500
	5
	20
	3
	L = 128.1 + 37.6 Log10R


Table A2: System simulation parameters
	Parameter
	Configuration

	Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Antenna pattern
	70 deg (-3 dB) with 20 dB front-to-back ratio

	Standard deviation of slow fading
	8 dB

	Shadowing correlation between cells / sectors
	0.5 / 1.0

	eNodeB/UE antenna gain
	14 dBi / 0 dBi

	eNodeB receiver 
	2 antennas with MRC

	Thermal noise density
	-174 dBm/Hz

	Frequency re-use
	1

	Channel model
	6-ray Typical Urban

	Traffic model
	AMR 12.2 Kbps (50%-activity 2-state markov model with 2 second average talk-spurt duration)

	Max UE Tx Power
	24 dBm

	Channel update
	per sub-frame (0.5 ms)

	TTI length
	1 ms

	Control overhead per TTI
	12 long blocks per TTI for data (no sounding symbol)

	HARQ
	Max. num of Txs = 9; Num of HARQ processes = 6; 

Synchronous HARQ
The same MCS for retransmissions; Chase combining, ACK/NACK errors = 0% 

	Power Control
	SNR-based PC

	Frequency band allocation and MCS 
	2RU allocation: QPSK 2/3 for 12.2Kbps voice packet, QPSK 1/4 for SID packet;

	Data associated UL control signalling
	4 RUs for control signalling, then 21 RUs left for data

	L2S
	AVI assuming practical FDE receiver and realistic channel estimation

	Evaluation method
	5% outage based on users having < 98% of its speech frames delivered successfully within 50 ms (PER<2%)
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