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1. Introduction
In the last RAN1#67 meeting, it was agreed that reduction of peak rate may provide significant cost saving and was captured as a feature for cost reduction in the approved text proposal [1] to TR36.888. Since the required peak rate for low cost MTC LTE UEs is significantly lower than legacy LTE UEs, the number of HARQ processes and maximum supported TBS can be reduced. Furthermore, removal of HARQ was considered to further reduce the cost. In this contribution, we give our considerations on the necessity of HARQ for low cost MTC LTE UEs.
2. Cost analysis
In RAN1#67 meeting, it was agreed that the reference LTE modem for evaluation is a single band, single RAT, category 1 LTE UE which is capable of operating on a 20MHz carrier. The cost drivers are categorized into RF components and processing [2]. 
The cost of HARQ mainly lies in HARQ memory whose size is a function of the number of HARQ processes and maximum supported TBS. Based on the above assumptions, we estimate the fractional cost of HARQ memory in processing cost is about 15%. 
According to the peak rate requirement of low cost LTE UEs, the number of HARQ processes and maximum supported TBS can be reduced and the cost of HARQ memory will be reduced accordingly. If the number of HARQ processes reduces from 8 to 1, the cost of HARQ memory is reduced to 1/8, i.e., 1.875% of the processing cost. The pecentage will be further reduced along with the reduction of maximum TBS. Taking the percentage of processing cost in the total modem cost into account, removal of HARQ brings limited cost reduction on top of reduction of HARQ processes and maximum TBS.

Observation 1: Removal of HARQ brings limited cost reduction on top of reduction of HARQ processes and maximum TBS.

3. Delay analysis

The requirements of packet delay budget (PDB) and packet error loss rate for different services are defined in 23.203 [3]. In 23.203, there is no relaxation in the delay requirement for MTC service.
The PDB shall be interpreted as a maximum delay with a confidence level of 98 percent. The maximum PDB is 300ms according to the standardized QCI (QoS class identifier) characteristics table, as shown in annex. Since a delay of 20 ms for the delay between a PCEF (Policy and Charging Enforcement Function) and a radio base station should be subtracted from a given PDB to derive the packet delay budget that applies to the radio interface, the maximum radio interface delay budget is 280ms for 98% packets.
With the 10% initial BLER, the residual BLER is less than 10-4 after 4 times HARQ transmission if the probability of error is assumed to be uncorrelated. That is to say, more than 99.9% packets do not need ARQ retransmission. However, if the HARQ is removed and the initial BLER remains unchanged, 10% packets need to be retransmitted by RLC. 
In RLC layer, ARQ retransmission is triggered by reception of STATUS PDU containing negative acknowledgement. The latency of ARQ retransmission includes STATUS PDU transmission, scheduling delay and delay between different layers within the eNB/UE entity. 
There is a timer t-PollRetransmit used by the transmitting side of an AM RLC entity in order to retransmit a poll. This timer starts or restarts after delivering a RLC data PDU including a poll to lower layer and stops upon receiving the corresponding STATUS report. The value range of the timer defined in 36.331 [4] is from 5 to 500ms. If the value of the timer t-PollRetransmit can be considered as the RTT of a RLC PDU, the maximum delay of one ARQ retransmission may be as long as 500ms. 
Then, if the HARQ is removed and the initial BLER remains unchanged, delay of 10% packets may exceed the required maximum radio interface delay budget.
Observation 2: Removal of HARQ may lead to the dissatisfaction of delay requirement with the initial BLER unchanged.
4. Cell spectral efficiency analysis

The packet error rate is lower with HARQ retransmission after the same number of retransmissions and same initial BLER due to the HARQ combining gain. In order to achieve the same requirement of packet error rate, there are two possible approaches to improve the performance without HARQ. One is to increase the number of ARQ retransmissions; the other is to decrease the initial BLER.

The increase of the number of ARQ retransmissions leads to higher physical resource consumption. Besides, the residual BLER is higher without HARQ if the initial BLER is unchanged which causes more STATUS PDUs transmission. These STATUS PDUs cause more physical resource consumption as well. Furthermore, the error rate of the STATUS PDU also increases without HARQ. 
The second approach of decreasing initial BLER does not increase the delay and STATUS PDU transmission. However, lower MCS causes more physical resource consumption.
It is seen that both approaches cause more physical resource consumption and deteriorate the cell spectral efficiency consequently.

Observation 3: Removal of HARQ deteriorates the cell spectral efficiency.
5. Conclusion
In this contribution, we analyze the necessity of HARQ from cost, delay and cell spectral efficiency perspectives. We have the following observations:
Observation 1: Removal of HARQ brings limited cost reduction on top of reduction of HARQ processes and maximum TBS.

Observation 2: Removal of HARQ may lead to the dissatisfaction of delay requirement with the initial BLER unchanged.

Observation 3：Removal of HARQ deteriorates the cell spectral efficiency.

Based on these observations, we have the following proposals:

Proposal 1: HARQ shall be kept for low cost MTC LTE UEs.

Proposal 2: Consider reducing the number of HARQ processes and maximum supported TBS for cost saving while still maintaining the required peak data rate for MTC traffic.
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7. Annex

Table: Standardized QCI characteristics

	QCI
	Resource Type
	Priority
	Packet Delay Budget (NOTE 1)
	Packet Error Loss

Rate (NOTE 2)
	Example Services

	1
(NOTE 3)
	
	2
	100 ms
	10-2
	Conversational Voice

	2
(NOTE 3)
	
GBR
	4
	150 ms
	10-3
	Conversational Video (Live Streaming)

	3
(NOTE 3)
	
	3
	50 ms
	10-3
	Real Time Gaming

	4
(NOTE 3)
	
	5
	300 ms
	10-6
	Non-Conversational Video (Buffered Streaming)

	5
(NOTE 3)
	
	1
	100 ms
	10-6
	IMS Signalling

	6
(NOTE 4)
	
	
6
	
300 ms
	
10-6
	Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file sharing, progressive video, etc.)

	7
(NOTE 3)
	Non-GBR
	
7
	
100 ms
	
10-3
	Voice,
Video (Live Streaming)
Interactive Gaming

	8
(NOTE 5)
	
	
8
	

300 ms
	

10-6
	
Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file 

	9
(NOTE 6)
	
	9
	
	
	sharing, progressive video, etc.)

	NOTE 1:
A delay of 20 ms for the delay between a PCEF and a radio base station should be subtracted from a given PDB to derive the packet delay budget that applies to the radio interface. This delay is the average between the case where the PCEF is located "close" to the radio base station (roughly 10 ms) and the case where the PCEF is located "far" from the radio base station, e.g. in case of roaming with home routed traffic (the one-way packet delay between Europe and the US west coast is roughly 50 ms). The average takes into account that roaming is a less typical scenario. It is expected that subtracting this average delay of 20 ms from a given PDB will lead to desired end-to-end performance in most typical cases. Also, note that the PDB defines an upper bound. Actual packet delays - in particular for GBR traffic - should typically be lower than the PDB specified for a QCI as long as the UE has sufficient radio channel quality.

NOTE 2:
The rate of non congestion related packet losses that may occur between a radio base station and a PCEF should be regarded to be negligible. A PELR value specified for a standardized QCI therefore applies completely to the radio interface between a UE and radio base station.

NOTE 3:
This QCI is typically associated with an operator controlled service, i.e., a service where the SDF aggregate's uplink / downlink packet filters are known at the point in time when the SDF aggregate is authorized. In case of E-UTRAN this is the point in time when a corresponding dedicated EPS bearer is established / modified.

NOTE 4:
If the network supports Multimedia Priority Services (MPS) then this QCI could be used for the prioritization of non real-time data (i.e. most typically TCP-based services/applications) of MPS subscribers.

NOTE 5:
This QCI could be used for a dedicated "premium bearer" (e.g. associated with premium content) for any subscriber / subscriber group. Also in this case, the SDF aggregate's uplink / downlink packet filters are known at the point in time when the SDF aggregate is authorized. Alternatively, this QCI could be used for the default bearer of a UE/PDN for "premium subscribers".

NOTE 6:
This QCI is typically used for the default bearer of a UE/PDN for non privileged subscribers. Note that AMBR can be used as a "tool" to provide subscriber differentiation between subscriber groups connected to the same PDN with the same QCI on the default bearer.
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