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1 Introduction
In previous RAN2 meetings, it was discussed how to meet the LTE-A delay requirement defined in [1] without considering the impact of relay. In this contribution, we give an analysis on the UP latency performance with introduction of relay, and raise corresponding issues for RAN2 discussion.
2 Discussion
2.1 Downlink UP latency

With introduction of type I relay, the UP latency is determined by the HARQ RTT in Uu and Un interface as well as the resource allocation between Uu and Un interface.
Since neither RAN1 nor RAN2 has started to discuss the Un HARQ RTT issue, please refer to [3] for the detail Un HARQ analysis. We think that our research should be started from investigating how to reuse legacy Uu HARQ mechanism for Un to minimize the standard work. Accordingly, we give our analysis assuming that Un HARQ RTT equals 8ms based on the consideration given in [5]. And Un backhaul subframe assignment period is set to 40ms. Since subframe 0, 4, 5, 9 can’t be set as MBSFN subframes for Uu interface to provide Un transmission opportunity, when the DL Un retransmission or UL Un A/N feedback collide with 0, 4, 5, 9 subframe, the RTT is extended to 16ms accordingly. In table 1, we can find that the practical HARQ RTT can be either 8ms with 1/3 probability or 16ms with 2/3 probability. Here, we assume at most one HARQ retransmission is enough to promise the target error rate requirement considering the relative stable Un channel quality. To simplify the analysis, we assume only one RN-UE exists and one of the MBSFN bitmap configuration other than their composition is set for data transmission. Its Un and Uu HARQ retransmission probabilities are pun, and puu respectively. Since the key for ciphering and the header compression algorithm over Uu and Un interface are different, and there may be data multiplexed for different RN UEs, the delay introduced in Un-Uu PDCP/RLC transferring operation should be considered, which is assumed to be 1ms here. The DL UP transmission delay is analyzed in Table 2. We can find that the downlink UP delay is 9ms without retransmission consideration.
Table 1 Basic Configuration for Uu-Un Resource Allocation

	No.
	0
	1
	2
	3
	4
	5
	6
	7

	DL Subframe Config.
	{0, 8, 16, 24, 32}
	{1, 9, 17, 25, 33}
	{2, 10, 18, 26, 34}
	{3, 11, 19, 27, 35}
	{4, 12, 20, 28, 36}
	{5, 13, 21, 29, 37}
	{6, 14, 22, 30, 38}
	{7, 15, 23, 31, 39}

	UL Subframe Config.
	{4, 12, 20, 28, 36}
	{5, 13, 21, 29, 37}
	{6, 14, 22, 30, 38}
	{7, 15, 23, 31, 39}
	{8, 16, 24, 32, 0}
	{9, 17, 25, 33, 1}
	{10, 18, 26, 34, 2}
	{11, 19, 27, 35, 3}


(Note: the red subframe can’t be Un subframe)
Table 2 Downlink UP Delay Analysis
	Component
	Description
	Time [ms]

	1
	L1 encoding of DL data in DeNB 
	1.5

	2
	Un DL transmission
	1

	3
	L1 decoding of DL data in RN
	1.5

	4
	Retransmission delay introduced in Un
	8pun*1/3+16pun*2/3

	5
	Delay introduced in PDCP/RLC transferring from Un to Uu in RN (e.g. PDCP deciphering/ciphering and header decompression compression in RN)
	1

	6
	L1 encoding of DL data in RN
	1.5

	7
	Uu DL transmission
	1

	8
	L1 decoding of DL data in UE
	1.5

	9
	Retransmission delay introduced in Uu
	8puu

	
	Total delay
	9+13.33pun+8puu


However, the practical DL UP latency is influenced by a lot of factors. For example, in table 2, the average Uu retransmission delay may be a little bit larger than 8ms due to the uplink Uu-Un subframe collision, because Uu and Un are TDM at TTI granularity. Particularly, the MBSFN configuration in BCCH SIB2 shouldn’t be changed frequently, but the number of UEs served by the RN is dynamically changed and the Uu channel quality is time-variant as well. This relative fixed Uu-Un resource allocation may increase the UP delay, for example:
· Too much Un DL resource will cause no enough Uu resource available for RN to transmit the data to its subordinated UEs, and the buffer delay in RN increase accordingly.
· When few Un DL resources are allocated, no data will be buffer in the RN due to the rich Uu resources. The RN buffer delay is reduced at the cost of increasing DeNB buffer delay. Meanwhile, since no enough data can be available for DL Uu transmission, Uu resource wastage will be caused.

Fortunately, RAN2 has sent a LS [2] to RAN1 to ask the feasibility for supporting unicast transmission in MBSFN subframes in last meeting. If it’s feasible, Uu-Un resource allocation can be adjusted more dynamically without changing BCCH frequently.
2.2 Uplink UP latency

In this section, uplink UP latency analysis is still based on the same RTT assumption and MBSFN configuration as DL UP latency analysis. Uplink UP latency analysis could be divided into two categories, one is about an uplink synchronized user with valid scheduling assignment, and the other is about users without a valid scheduling assignment or uplink synchronization. 
As Fig.1 shows, identical procedure can be shared between synchronized UE and unsynchronized UE from step 6 to step12, their difference lies in rest procedure over Uu interface. For synchronized RN-UE, it sends a Scheduling Request (SR) message to request uplink resource. Uplink data could only be transmitted when the UE receives a Scheduling Grant. While for unsynchronized RN-UE, it performs the random access procedure to re-synchronize and request uplink transmission. When there is uplink Uu resource available for data transmission, both synchronized and unsynchronized RN-UEs. Since fixed RN can be assumed to be synchronized with DeNB by default, if legacy Uu mechanism for synchronized UE is reused for Un, RN will send SR to DeNB when there is uplink data from RN-UEs. And data will be transmitted after the RN receives a Scheduling Grant. As transmission latency analysis for synchronized UE and unsynchronized UE showed in Table 3 and Table 4, their total delay are 23.5+n ms and 30+n ms, in which n is the delay waiting for the SR transmission opportunity over Un interface. To illustrate the practical uplink transmission delay for RN-UEs, in Fig.2, we assume MBSFN configurations 2, 4 and 6 in Table 1 are used for Un downlink transmission. And we suppose SR can be transmitted when there is available uplink Un resource in the case of uplink Uu data arrival. We can find that 24 ms or 36.5 ms uplink transmission delay can be expected for synchronized and unsynchronized RN-UEs, and the values of their n are 0.5ms and 6.5ms, respectively. Actually, the Uu SR period may be larger than 5ms while the Uu RACH scheduling period may be larger than 10ms due to uplink Uu-Un resource configuration determined by the MBSFN subframe configuration. All these factors should be considered for optimizing RN-UEs uplink access delay.
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Figure 1 Uplink transmission procedure without scheduling grant
Table 3 Uplink UP Delay Analysis for Synchronized RN-UE
	Component
	Description
	Time [ms]

	1
	Average delay to next SR opportunity (5ms PUCCH cycle)
	2.5

	2
	UE sends Scheduling Request
	1

	3
	RN decodes Scheduling Request and generates the Scheduling Grant
	3

	4
	Transmission of Scheduling Grant
	1

	5
	UE Processing Delay (decoding of scheduling grant + L1 encoding of UL data)
	3

	6
	Transmission of UL data
	1

	7
	RN Processing Delay and average delay to next SR opportunity
	1.5+n

	8
	RN sends Scheduling Request
	1

	9
	DeNB decodes Scheduling Request and generates the Scheduling Grant
	3

	10
	Transmission of Scheduling Grant
	1

	11
	RN Processing Delay (decoding of scheduling grant + L1 encoding of UL data)
	3

	12
	Transmission of UL data
	1

	13
	DeNB processing delay
	1.5

	
	Total delay
	23.5+n


Table 4 Uplink UP Delay Analysis for Unsynchronized RN-UE
	Component
	Description
	Time [ms]

	1
	Average delay due to RACH scheduling period (RACH cycle = 10 ms)
	5

	2
	RACH Preamble
	1

	3
	Preamble detection
	4

	4
	Transmission of RA response
	1

	5
	UE Processing Delay (decoding of scheduling grant and timing alignment + L1 encoding of UL data)
	5

	6
	Transmission of UL data
	1

	7
	RN Processing Delay and average delay to next SR opportunity
	1.5+n

	8
	RN sends Scheduling Request
	1

	9
	DeNB decodes Scheduling Request and generates the Scheduling Grant
	3

	10
	Transmission of Scheduling Grant
	1

	11
	UE Processing Delay (decoding of scheduling grant + L1 encoding of UL data)
	3

	12
	Transmission of UL data
	1

	13
	DeNB processing delay
	1.5

	
	Total delay
	30.5+n
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Figure 2 Illustration of UL Tx delay with introduction of Type I relay
3 Conclusion
In this paper, we analyze the uplink and downlink transmission latency for the RN UEs, and it’s found that the delay for RN-UE data transmission is much higher than the requirement in [1] and the analysis in [4] regardless of relay introduction. In addition, we also discussed the issues should be considered for future delay optimization. If any agreement is achieved, Huawei will volunteer to draft the text proposal for TR 36.912 as the foundation for future discussion.
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B.2.1
FDD frame structure

The LTE U-plane one way latency for a scheduled UE consists of the fixed node processing delays (which includes radio frame alignment) and 1ms TTI duration. Considering that the number of HARQ processes is fixed to 8 for FDD, the one-way latency can calculated as:


DUP [ms] = 1.5 + 1 + 1.5+ n*8 = 4 + n*8,

where n is the number of HARQ retransmissions. Considering a typical case where there would be 0 or 1 retransmission, the approximate average U-plane latency is given by


DUP,typical [ms] = 4 + p*8,
where p is the error probability of the first HARQ retransmission. The minimum latency is achieved for a 0% BLER, but a more reasonable setting is 10% HARQ BLER.

DUP,0%HARQ_BLER [ms] = 4 
(0% HARQ BLER)

DUP,10%HARQ_BLER [ms] = 4.8 
(10% HARQ BLER)
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Figure B.2.1-1: User plane latency components

For Type 1 Relay scenario, because of the multiple wireless hops and MBSFN subframe configuration limit, the user plane delay for downlink transmission and uplink transmission should be considered respectively. When evaluating the user plane latency, Rel8 based HARQ scheme and other Rel8 operations are assumed.
Table B.2.1.1 Basic Configuration for Uu-Un Resource Allocation

	No.
	0
	1
	2
	3
	4
	5
	6
	7

	DL Subframe Config.
	{0, 8, 16, 24, 32}
	{1, 9, 17, 25, 33}
	{2, 10, 18, 26, 34}
	{3, 11, 19, 27, 35}
	{4, 12, 20, 28, 36}
	{5, 13, 21, 29, 37}
	{6, 14, 22, 30, 38}
	{7, 15, 23, 31, 39}

	UL Subframe Config.
	{4, 12, 20, 28, 36}
	{5, 13, 21, 29, 37}
	{6, 14, 22, 30, 38}
	{7, 15, 23, 31, 39}
	{8, 16, 24, 32, 0}
	{9, 17, 25, 33, 1}
	{10, 18, 26, 34, 2}
	{11, 19, 27, 35, 3}


(Note: the red subframe can’t be Un subframe)
Table B.2.1.2 Downlink UP Delay Analysis
	Component
	Description
	Time [ms]

	1
	L1 encoding of DL data in DeNB 
	1.5

	2
	Un DL transmission
	1

	3
	L1 decoding of DL data in RN
	1.5

	4
	Retransmission delay introduced in Un
	8pun*1/3+16pun*2/3

	5
	Delay introduced in PDCP/RLC transferring from Un to Uu in RN (e.g. PDCP deciphering/ciphering and header decompression compression in RN)
	1

	6
	L1 encoding of DL data in RN
	1.5

	7
	Uu DL transmission
	1

	8
	L1 decoding of DL data in UE
	1.5

	9
	Retransmission delay introduced in Uu
	8puu

	
	Total delay
	9+13.33pun+8puu


(Note: pun and puu indicate the HARQ BLER in Un and Uu interface)
Table B.2.1.3 Uplink UP Delay Analysis for Synchronized RN-UE（Error free）
	Component
	Description
	Time [ms]

	1
	Average delay to next SR opportunity (5ms PUCCH cycle)
	2.5

	2
	UE sends Scheduling Request
	1

	3
	RN decodes Scheduling Request and generates the Scheduling Grant
	3

	4
	Transmission of Scheduling Grant
	1

	5
	UE Processing Delay (decoding of scheduling grant + L1 encoding of UL data)
	3

	6
	Transmission of UL data
	1

	7
	RN Processing Delay and average delay to next SR opportunity
	1.5+n

	8
	RN sends Scheduling Request
	1

	9
	DeNB decodes Scheduling Request and generates the Scheduling Grant
	3

	10
	Transmission of Scheduling Grant
	1

	11
	RN Processing Delay (decoding of scheduling grant + L1 encoding of UL data)
	3

	12
	Transmission of UL data
	1

	13
	DeNB processing delay
	1.5

	
	Total delay
	23.5+n


(Note: n is the delay waiting for the SR transmission opportunity over Un interface)

Table B.2.1.4 Uplink UP Delay Analysis for Unsynchronized RN-UE (Error free)
	Component
	Description
	Time [ms]

	1
	Average delay due to RACH scheduling period (RACH cycle = 10 ms)
	5

	2
	RACH Preamble
	1

	3
	Preamble detection
	4

	4
	Transmission of RA response
	1

	5
	UE Processing Delay (decoding of scheduling grant and timing alignment + L1 encoding of UL data)
	5

	6
	Transmission of UL data
	1

	7
	RN Processing Delay and average delay to next SR opportunity
	1.5+n

	8
	RN sends Scheduling Request
	1

	9
	DeNB decodes Scheduling Request and generates the Scheduling Grant
	3

	10
	Transmission of Scheduling Grant
	1

	11
	UE Processing Delay (decoding of scheduling grant + L1 encoding of UL data)
	3

	12
	Transmission of UL data
	1

	13
	DeNB processing delay
	1.5

	
	Total delay
	30.5+n


(Note: n is the delay waiting for the SR transmission opportunity over Un interface)

Note: for uplink transmission delay, if retransmission in Uu and/or Un interface is considered, the latency will be larger. So any mechanism that can optimise the transmission delay should be considered.
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