
3GPP TSG RAN WG2 Meeting #91bis
R2-154122
Malmö, Sweden, 5th - 9th October, 2015
Source:
CATT, CATR 

Title:
Analysis on resource efficiency of uplink access solutions
Agenda Item:
7.10.1
Document for:
Discussion and Decision
1. Introduction
The study of latency reduction SI includes two areas: TTI shortening and fast uplink access solutions [1]. For UL accesses, following agreements were achieved in last meeting.

	Agreements
1
It is beneficial to allow UEs to skip (most) dynamic and configured uplink transmissions if no data are available for transmission (the UE still sends the regular MAC CE, if any). The eNB may enable this by RRC dedicated signalling.

2
A shorter SPS interval (1 TTI) should be supported.


Some benefits can be derived from the two solutions: for shorten SPS interval, it is beneficial to reduce initial UL transmission latency; and for skipping UL transmission, it is beneficial to decrease UL interference and improve UE battery efficiency. But the resource efficiency of the above solutions has not been evaluated; this contribution gives our analysis on this issue.
2. Discussion
2.1. Analysis on uplink access solutions
In this section, we analysis three uplink access solutions: D-SR (1ms/10ms D-SR period), SPS (1ms/10ms interval) and pre-scheduling.  And following gives the characteristics and average minimum latency for each solution.
1) D-SR

When UE wants to perform uplink transmission but there is no valid UL grant, UE sends D-SR to request eNB UL scheduling. The typical configuration of D-SR period is 10ms, and the shortest D-SR period is 1ms. The uplink latency of D-SR is given in Table-1 [2]. 
Table-1 Typical uplink access latency component in case of D-SR
	Component
	Description
	Time (ms)

	1
	Average waiting time for PUCCH (10 ms SR period/1ms SR period)
	5/0.5

	2
	UE sends Scheduling Request on PUCCH
	1

	3
	eNB 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
	Data decoding and processing in eNodeB
	3

	
	Total delay [ms]
	17/12.5


2) SPS

When UL SPS is activated, UE will periodically transmit UL data according to the configured UL resource. If there is no data, padding has to be transmitted. The SPS interval configuration is 10ms/1ms. The uplink latency of SPS is given in Table-2.
Table-2 Typical uplink access latency component in case of SPS
	Component
	Description
	Time (ms)

	1
	Average waiting time for configured UL grant (10 ms/1ms SPS interval)
	5/0.5

	2
	UE Processing Delay (L1 encoding of UL data)
	3

	3
	Transmission of UL data
	1

	4
	Data decoding and processing in eNodeB
	3

	
	Total delay [ms]
	12/7.5


3) Pre-scheduling

In pre-scheduling method, eNB schedules UE to perform UL transmission blindly. If there is no data in UE, padding has to be transmitted. When and how to perform blind schedule is totally up to eNB implementation. To achieve the minimum uplink latency, it is assumed that there is no extra delay between acquiring the uplink grant from eNB and obtaining data from upper layer, and eNB is required to give the uplink grant to the UE every TTI. Based on the assumption, the uplink latency of pre-scheduling is given in Table-3. 
Table-3 Minimum uplink access latency component in case of pre-scheduling
	Component
	Description
	Time (ms)

	1
	TTI alignment
	0.5

	2
	UE Processing Delay (decoding of scheduling grant + L1 encoding of UL data)
	3

	3
	Transmission of UL data
	1

	4
	Data decoding and processing in eNodeB
	3

	
	Total delay [ms]
	7.5


To compare the resource efficiency and latency amongst the three solutions, same UE UL data transmission frequency should be assumed. And with the assumption of UE UL packet arrival rate 5% (i.e. average 1Tx/20ms), the comparison is given in Table-4.
Table-4 Comparison of the three current uplink access solutions
	
	D-SR
	SPS
	Pre-scheduling

	Min Average UL latency
	17ms/12.5ms (()
(D-SR period 10ms/1ms)
	12 ms/7.5ms ((/()
(SPS interval 10ms/1ms)
	7.5 ms (()
(pre-scheduling every 1ms)

	Resource Utilization in 20ms 
	D-SR PUCCH cfg: 2/20
D-SR PUCCH Tx: 1

PDCCH: 1

PUSCH: 1

PHICH: 1
	PUSCH: 2/20
PHICH: 2/20
	PDCCH: 20
PUSCH: 20
PHICH: 20

	Resource efficiency 
	High (()
	Medium(()/ Low (()
	Low (()


From Table-4, the observations can be given as below:
Observation 1: In the aspect of UL access latency, pre-scheduling (every 1ms) and 1ms interval SPS bring lowest UL latency.
Observation 2: In the aspects of resource efficiency, D-SR is better than 10 ms interval SPS, and 10 ms interval SPS is better than 1ms interval SPS and pre-scheduling.
Based on the two observations, it can be seen that the performance of latency and resource efficiency is opposite. Hence, based on the shorten SPS interval and pre-scheduling solution, some enhancements should be considered to improve resource efficiency. 
Proposal 1: For UL access enhancement, some enhancements should be considered for resource efficiency improvement.
To improve the resource efficiency, the direct way is to share the resource with more than one UEs. 
In Rel-10, CB(contention base) transmission was mentioned, and it has the following characteristics:

· For latency, it is based on network scheduled CB grant, and the latency is same as pre-scheduling or 1ms interval SPS if there is no collision;

· For resource efficiency, CB grant is shared with more than one UE, and there is no need to allocate every grant for every UE; so the resource efficiency is better than pre-scheduling;

· For UL interference, since UE only performs UL transmission when it has UL data, i.e. no data no transmission, so it will not bring UL interference when no UL data to be transmitted;
· For UE power consumption, since UE is not required to follow CB grant when it has no UL data, it does not need to be waken to monitor PDCCH, and it is good for UE power saving. 
The big argument on CB PUSCH solution in Rel-10 is the collision issue. Due to it, RAN2 did not achieve the consensus on the gain of CB PUSCH solution in Rel-10. Due to the above analysis, since it is good for the resource efficiency, UL interference avoidance, and UE power saving, we propose to continue to study the CB PUSCH solution in LR SI.
Proposal 2: Contention based uplink transmission is proposed to be studied in LR SI. 
According to proposal 2, in the next section we give the initial analysis on the CB PUSCH solution from two aspects: the latency in case of collision and resource efficiency. 
2.2. Performance of CB PUSCH solution
2.2.1 Evaluated CB PUSCH solution
In this part , we assumed the following CB PUSCH mechanism.

· More than one UE shares the same CB resource indicated by CB grant;

· If UE needs to transmit uplink data, it monitors CB grant, and transmit the data on the indicated CB resource; otherwise, UE is not required to monitor  CB grant. 

· If more than one CB UE transmits data simultaneously, the collision happens;

· If there is no collision, 
· based on the received data eNB can acquire the related UE information, and gives the response to that UE;

· Otherwise , if collision occurs, 
· For eNB, it cannot detect whether there is transmission on the CB resource, and does not give the feedback; 
· For UE, it can realize the collision by not receiving any feedback; and performs retransmission after a random backoff time;

Note: Here we assume the value of backoff time is between 0 and  10ms.
2.2.2 Collision probability in CB PUSCH solution
As discussed before, collision probability affects the CB PUSCH performance greatly. Since the collision is due to more than one UE with uplink data transmission demand in the same time, two factors impact the collision probability: the UE number in one CB group and the transmitted packet arrival rate.

Table-5 gives the collision probability based on different packet arrival rate (PAR) and CB UE number. It can be seen that the collision probability increases is increasing with the CB UE number increasing and PAR increasing.  If the packet arrival rate is too high, e.g. larger than 20%, the collision probability is almost 100%.
Table-5 collision probability for different PAR and CB UE number 
	
	PAR=2%
	PAR=5%
	PAR=10%
	PAR=15%
	PAR=20%

	2 CB UE
	2.18%
	6.05%
	12.81%
	21.36%
	94.19%

	3 CB UE
	4.72%
	12.29%
	36.79%
	99.70%
	99.94%

	4 CB UE
	6.86%
	19.37%
	99.62%
	99.94%
	99.97%

	5 CB UE
	9.61%
	27.36%
	99.93%
	99.97%
	99.99%


Observation 3: The more CB UEs in one group, the higher collision probability.
Observation 4: The higher packet arrival rate, the higher collision probability.

2.2.3 UL latency in various collision probability
In this part, we evaluate UL latency in CB PUSCH with various CB collision probabilities.
Similar with 1ms interval SPS, to achieve the lowest uplink latency, it is assumed that eNB allocates UL resource for one CB UE group every TTI. The uplink latency of CB PUSCH is given in Table-6. 
Table-6 uplink access latency component in case of CB PUSCH
	Component
	Description
	Time (ms)

	1
	TTI alignment
	0.5

	2
	UE Processing Delay (L1 encoding of UL data)
	3

	3
	Transmission of UL data
	1

	4
	Data decoding and processing in eNodeB
	3

	
	Total delay [ms] (if no collision)
	7.5

	If  collision
	No feedback received
	4

	
	Re-transmission with random backoff time
	Random BO(<=10)

	
	Transmission of UL data
	1

	
	Data decoding and processing in eNodeB
	3

	
	Total delay [ms]
	To be evaluated


Based on Table-5 and Table-6, the UL latency in different collision probability is given in Table-7.

Table-7 CB PUSCH latency with various collision probability
	Collision Prob
	Avrg UL Latency（ms）

	2%
	7.561

	4%
	7.798

	6%
	8.007

	8%
	8.283

	10%
	8.380

	12%
	8.589

	14%
	8.727

	16%
	8.854

	18%
	9.063

	20%
	9.186

	22%
	9.431

	24%
	9.482

	26%
	9.752

	28%
	10.043

	30%
	10.431

	32%
	11.558

	34%
	11.691

	36%
	11.737

	38%
	12.614

	40%
	13.053
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Figure-1 UL Latency performance with various collision probability
It can be seen that the UL latency be enlarged with the increase of collision probability. When collision probability reaches 30%, CB PUSCH cannot fulfill the 10ms delay requirement of LTE-A.
Observation 5: The higher collision probability, the higher UL latency.

Comparing to the current solutions, i.e. D-SR and pre-scheduling, we can get the following observation:
Observation 6: Latency performance of CB PUSCH(every 1ms) is between D-SR (1ms period) and 1ms interval SPS if collision probability is less than 38%.

2.2.4 Resource efficiency analysis
To analyze the resource efficiency, the comparison to shorten SPS is given based on the similar latency performance. The method in detail is given as below:
1) In case of different SPS interval, obtain the related UL latency and resource efficiency;

For latency calculation, the method is same as that for Table-2.
	Case
	1
	2
	3
	4
	5

	SPS Interval
	1ms
	2ms
	3ms
	4ms
	10ms

	Latency
	7.5ms
	8ms
	8.5ms
	9ms
	12ms


2) To meet the similar latency, calculate the resource efficiency of CB PUSCH;

a) Obtain the collision probability according to Figure-1;
	Case
	1
	2
	3
	4
	5

	Latency
	7.5ms
	8ms
	8.5ms
	9ms
	12ms

	CB collision probability
	2%
	6%
	10%
	19%
	37%


b) Obtain the PAR and the CB UE number under the collision probability according to Table-5;

	
	2 CB UE
	3 CB UE
	4 CB UE
	5 CB UE

	PAR=2%
	2.18%

Case 1
	4.72%
	6.86%

Case 2
	9.61%

Case 3

	PAR=5%
	6.05%
	12.29%
	19.37%
Case 4
	27.36%

	PAR=10%
	12.81%
	36.79%
Case 5
	99.62%
	99.93%


c) Obtain the valid number of data transmission, i.e. observation time * PAR5% * CB UE number;
Note: resource efficiency = (valid number of data transmission) / (total PUSCH resource for CB or SPS). (Note: only focus on PUSCH resource)
The comparison results are given in Table-8.  (observation time = 100ms)
Table-8 Resource efficiency comparison
	Case
	Item
	CB PUSCH
	SPS

	1
	1ms SPS interval
	Average UL latency
	≈7.5 ms

(Collision prob ≈ 2%)
	7.5 ms

	
	
	Grant interval
	1ms
	1ms

	
	
	CB UE number
	2
	1

	
	
	Valid number of data transmission
	4 (PAR=2%)
	2

	
	
	Total PUSCH resource 
	100
	100

	
	
	PUSCH efficiency 
	4%
	2%

	

	2
	2ms SPS interval
	
	CB PUSCH
	SPS

	
	
	Average UL latency
	≈8 ms

(Collision prob ≈ 6%)
	8 ms

	
	
	Grant interval
	1ms
	2ms

	
	
	CB UE number
	4
	1

	
	
	Valid number of data transmission
	8 (PAR=2%)
	2

	
	
	Total PUSCH resource 
	100
	50

	
	
	PUSCH efficiency 
	8%
	4%

	

	3
	3ms SPS interval
	
	CB PUSCH
	SPS

	
	
	Average UL latency
	≈8.5 ms

(Collision prob ≈ 10%)
	8.5 ms

	
	
	Grant interval
	1ms
	3ms

	
	
	CB UE number
	5
	1

	
	
	Valid number of data transmission
	10 (PAR=2%)
	2

	
	
	Total PUSCH resource 
	100
	33

	
	
	PUSCH efficiency 
	10%
	6%

	

	4
	4ms SPS interval
	
	CB PUSCH
	SPS

	
	
	Average UL latency
	≈9 ms

(Collision prob ≈ 19%)
	9 ms

	
	
	Grant interval
	1ms
	4ms

	
	
	CB UE number
	4
	1

	
	
	Valid number of data transmission
	20 (PAR=5%)
	5

	
	
	Total PUSCH resource 
	100
	25

	
	
	PUSCH efficiency 
	20%
	20%

	

	5
	10ms SPS interval
	
	CB PUSCH
	SPS

	
	
	Average UL latency
	≈12 ms

(Collision prob ≈ 37%)
	12 ms

	
	
	Grant interval
	1ms
	10ms

	
	
	CB UE number
	3
	1

	
	
	Valid number of data transmission
	30 (PAR=10%)
	10

	
	
	Total PUSCH resource 
	100
	10

	
	
	PUSCH efficiency 
	30%
	100%


Analysis

From Table-8, it can be seen that the PUSCH efficiency improves with the increased UL latency, both for the CB PUSCH and SPS solution. With the low collision probability, CB PUSCH is better than SPS in PUSCH resource efficiency aspect, e.g. collision probability is lower than 10%. However, with higher collision probability, e.g. 37%, the PUSCH efficiency of CB PUSCH is worse than that of SPS. In summary, CB PUSCH solution can improve radio resource efficiency and provide good latency in case of lower collision probability.
Observation 7: With the same latency performance as 1ms interval SPS, CB PUSCH solution can improve radio resource efficiency in case of lower collision probability.

3. Conclusion
According to the analysis in section 2, the first part we gave the analysis on current mechanisms, and got following observations and proposals:

Observation 1: In the aspect of UL access latency, pre-scheduling (every 1ms) and 1ms interval SPS bring lowest UL latency.
Observation 2: In the aspects of resource efficiency, D-SR is better than 10 ms interval SPS, and 10 ms interval SPS is better than 1ms interval SPS and pre-scheduling.
Proposal 1: For UL access enhancement, some enhancement should be considered for resource efficiency improvement.
Proposal 2: Contention based uplink transmission is proposed to be studied in LR SI. 

In the second part, we gave the initial analysis on CB PUSCH solution from latency and resource efficiency performance, and got the following observations:

For collision:
Observation 3: The more the CB UEs in one group, the higher collision probability.

Observation 4: The higher packet arrival rate, the higher collision probability.

For latency:
Observation 5: The higher collision probability, the higher UL latency.

Observation 6: Latency performance of CB PUSCH(every 1ms) is between D-SR (1ms period) and 1ms interval SPS if collision probability is less than 38%.

For resource efficiency:
Observation 7: With the same latency performance as 1ms interval SPS, CB PUSCH solution can improve radio resource efficiency in case of lower collision probability.

Then we propose to capture the analysis and above observations in TR.
Proposal 3: Capture the analysis on CB PUSCH and above observations in TR.
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