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1 Introduction

Contention based access has been discussed in Rel-10 SI without having been approved for the work item. It is still one of promising solution for Rel-13 latency reduction SI. This contribution discusses following issues to check the feasibility of the contention based access
· Brief description on contention based access

· Complexity of contention base access 
· Latency gain of contention based access
2 Contention Based Access 
What is contention based access
The basic idea of CB access is to dynamically allocate a CB grant for multiple UEs so that such UEs can transmit uplink with less latency. If multiple UEs transmit at the same time, transmission may fail. The scheme is basically to reduce latency at the expense of resource efficiency. 

If collision occurs during CB access both transmissions would fail. It leads not only to CB resource waste but also to longer latency. Hence it is important to manage the collision probability to an acceptable level. To this end, ENB shall be able to control which traffic is eligible for CB transmission. One way to do it is to configure by RRC which logical channels of which UE can be transmitted by CB access.

It is difficult to implement HARQ retransmission for CB access because ENB may not be able to tell whether decoding failure is due to bad radio condition or due to collision. A simple way would be just to turn off HARQ retransmission for CB access. HARQ gain may be lost in this case, but we assume CB access is only a supplemental mechanism to transmit small infrequent packet where HARQ gain is not critical.

In the current PUSCH/PHICH framework, there is no reason to not utilize HARQ feedback even if HARQ retransmission is not enabled. In fact HARQ feedback would be useful for backoff handling and quick RLC retransmission triggering. Backoff in case of collision is kind of essential mechanism for CB access because otherwise collision would continue. Even though HARQ feedback does not tell whether the decoding failure is due to collision or not, it would be safer to backoff CB access upon HARQ NACK. If CB transmission fails (i.e. HARQ NACK is received), only way to recover is to rely on RLC retransmission. It would be good to trigger RLC retransmission immediately instead of waiting for RLC retransmission to be triggered by other reason (e.g. t-Pollretransmit expiry). 

Based on the above discussion, CB access operation could be summarized as below.

· ENB configures which UE/DRB uses CB access via RRC signalling

· UE monitors CB-RNTI if there is data available for transmission in CB access allowed DRB
· If CB grant is received, UE performs one-shot transmission (without HARQ retransmission)

· HARQ feedback is provided by ENB to facilitate L2 retransmission and to apply backoff in case of collision 

· if HARQ NACK is received, UE is refrained from using CB grant during backoff period and RLC retransmission is triggered
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Fig 1 CB access operations in various scenarios
Complexity in terms of specification impact

Table 3 summarizes the required changes to introduce CB access. 

<Table 1>
	RRC
	New IE “cbRNTI” to indicate whether UE is allowed for CB access and on which serving cell (ffs if CB access is allowed in multiple serving cells. Probably only one serving cell would be OK)  

New IE “cbAccessAllowed ” to indicate which logical channel is allowed for CB access. 

New IE “ cbBackoff ” to control backoff operation upon collision 

New IE “cbGrant” in case SPS-like approach is adopted

	MAC
	New section to describe CB access operation. The section would describe altogether the operations like CB grant monitoring, MAC PDU assembly and backoff (see the Annex for example) 

New MAC PDU format with C-RNTI MAC CE 

	RLC
	To initiate RLC retransmission upon indication from MAC


An example TP for MAC on CB access operation is presented in Annex.
3 Analysis on latency reduction gain of CB access
17 ms uplink delay for normal access (baseline to judge the benefit of CBA) is assumed as [1]. Uplink delay of CB access is approximated to 5 ms (see below for details) if CB access is granted every TTI and access succeed at the first transmission, which is the best case benefit. What we like to see here is not the theoretical best case benefit. In the following we will analyse in statistical manner what would be the average latency of CBA including both successful case and unsuccessful case. 

Average CBA latency increases with transmission failures that can be categorized into two types: transmission failure that UE is aware of (see figure 1 b) and transmission failure that UE is not aware of (see figure 1c). The average CBA latency would be the function of the probability of transmission failures and additional latency due to transmission etc.
Denoting Latencysuccess, Latencyfail, Latencyunnoticedfail, Psuccess, Pcollision and Punnoticed as below;
· Latencysuccess: Latency when the first transmission is successful

· It is the best case latency 

· If CB access is granted every TTI, Latencysuccess is 5 ms (1 ms of CB grant reception + 3 ms waiting + 1 ms of uplink transmission)

· Latencyfail: Additional latency if the previous transmission fails and failure is noticed

· It is the case when CB access fails and UE becomes aware of it by reception of HARQ NACK

· RLC retransmission is triggered immediately

· Assuming in aveage 10 ms backoff, Latencyfail is 19 ms (4 ms for HARQ feedback reception + 10 ms backoff + 1 ms PDCCH + 3 ms waiting + 1 ms transmission)

· Latencyunnoticedfail :Additional latency if the previous transmission fails and failure is unnoticed

· It is the case when CB access fails but UE does not know it due to HARQ ACK reception

· RLC retransmission is triggered by other legacy RLC trigger (e.g.t-Pollretransmit expiry)

· Assuming 45 ms of t-Pollretransmit (default configuration for SRB) and 50 ms of safe margin, Latencyunnoticedfail is 100 ms (45 ms for timer expiry + 50 ms for safe margin + 1 ms PDCCH +3 ms waiting + 1 ms transmission)

· Psuccess :The probability that CB transmission is successful when no collision occurs 

· Psuccess, is 0.9 (equivalent to HARQ operating point of 1.1)

· Pcollision: The probability that collision occur

· It depends on the amount of CB load and of CB resource. It is not easy to pick a single typical value.

· In this analysis, Five values are assumed: Pcollision = 0.1%, 1%, 10%, 20%, or 50% 

· Punnoticed: The probability that unnoticed transmission failure occur 

· It depends on the number of simultaneous transmissions and the difference between the received powers of transmissions. Considering that uplink power control is in the place, it wouldn’t be wrong assumption that the unnoticed failure rate is very low.

· It is difficult to pick a single value. Same values are assumed: Punnoticed = 0.1%, 1%, 10%, 20%, or 50%.

The average latency of CB access can be approximated as the sum of component latencies of each transmission. Each of component latency is in turn a function of Latencysuccess, Latencyfail, Latencyunnoticedfail, Psuccess, Pcollision and Punnoticed as in the table 2.
<Table 2>
	Component latency for the 1st transmission
	= latency when 1st transmission succeed * Probability that CB access succeed in 1st transmission = Latencysuccess * Psuccess * (1- Pcollision)

	Component latency for the 2nd transmission
	= latency when 2nd transmission succeed * Probability that CB access succeed in the second transmission = Latencysuccess + [(1- Punnoticed) * Latencyfail + Punnoticed * Latencyunnoticedfail] * Psuccess * (1- Pcollision) * [1-Psuccess * (1- Pcollision)]

	Component latency for the 3rd transmission
	= latency when 3rd transmission succeed * Probability that CB access succeed in 3rd transmission = Latencysuccess + 2 * [(1- Punnoticed) * Latencyfail + Punnoticed * Latencyunnoticedfail] * Psuccess * (1- Pcollision) * [1-Psuccess * (1- Pcollision)]2

	…
	…

	Component latency for the kth transmission
	= latency when kth transmission succeed * Probability that CB access succeed in kth transmission = Latencysuccess + (k-1) * [(1- Punnoticed) * Latencyfail + Punnoticed * Latencyunnoticedfail] * Psuccess * (1- Pcollision) * [1-Psuccess * (1- Pcollision)]k-1


If we sum all those components, the average delay of CB access can be expressed as in the below equation.

Average delay of CB access = ∑n=1~ {Latencysuccess + (n-1) * [(1- Punnoticed) * Latencyfail + Punnoticed * Latencyunnoticedfail]}   *   {Psuccess * (1- Pcollision) * [1-Psuccess * (1- Pcollision)]n-1}

Table 3 shows the results of computation in various Pcollision and Punnoticed.
<Table 3>
	Average latency
	Unnoticed failure rate Punnoticed

	
	0.1%
	1%
	10%
	20%
	50%

	Collision rate Pcollision
	0.1%
	7.14 ms
	7.22 ms
	8.04 ms
	8.95 ms
	11.68 ms

	
	1%
	7.33 ms
	7.42 ms
	8.32 ms
	9.31 ms
	12.28 ms

	
	10%
	9.46 ms
	9.65 ms
	11.36 ms
	13.26 ms
	18.96 ms

	
	20%
	12.42 ms
	12.70 ms
	15.54 ms
	18.69 ms
	28.14 ms

	
	50%
	28.32 ms
	29.21 ms
	38.12 ms
	48.02 ms
	77.72 ms


Above analysis shows that latency reduction is not trivial (latency is reduced to half in yellow highlighted cases) if collision probability and unnoticed failure rate are kept to the reasonable level (e.g. 1 ~ 10 %).
4 Conclusion
For CB access to work properly, collision rate shall be kept to low level and CB resource shall be allocated in shortest interval. It means the required amount of CB resource would be relatively high, and CB access demand should be somehow maintained to low level. If above requirements are fulfilled, CB access brings considerable gain; at the same time, non-trivial specification change is also required to fulfil the requirements.    
Proposal: RAN2 discusses the pros and cons of CB access and make decision on the feasibility of the scheme.
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5.x Contention based access

If the MAC entity is configured with CB-RNTI for a serving cell, the serving cell belongs to a TAG that has a running timeAlignmentTimer, data is available for transmission for a logical channel for which CBAccess is configured by upper layer, and CBprohibitTimer is not running, the MAC entity shall for each grant received for this TTI;
-
if an uplink grant for this TTI and this Serving Cell has been received on the PDCCH for the CB-RNTI; 
-
identify the HARQ process associated with this TTI, and for each identified HARQ process:
-
if the HARQ buffer of this HARQ process is empty
-
construct, according to the received grant, the MAC PDU with the RLC SDU(s) from the logical channel configured with CBAccess
-
instruct the physical layer to generate a transmission
When transmission of the MAC PDU is completed, flush the HARQ buffer
When the HARQ feedback is received for this MAC PDU, the HARQ process shall
-
if the HARQ feedback is negative, indicate the RLC entity that RLC SDU has not been transmitted successfully
-
draw a random number between 0 ~ CBbackoff
-
set CBbackoffTimer with drawed random number
-
start CBbackoffTimer
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