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1.
Introduction
In previous meetings RAN2 has discussed various options to decrease user plane latency for synchronized users without a valid scheduling grant (see [1], [2], [4]). In this document we provide our view with respect to two aspects: how to evaluate user plane latency improvements, and uplink resource efficiency.
2. Options to decrease user plane latency
Below we provide a condensed overview of the options to decrease user plane latency, as provided in previous documents.
Reduced SR period: extend SR period codepoints to include shorter periods to 1ms. This reduces the SR waiting time from 2.5ms to 0.5ms, resulting in a total uplink latency of 9.5 ms.
Contention-Based access: allow multiple UEs to transmit data in a grant addressed to a special C-RNTI. This eliminates SR waiting time, SR decoding delay, and eNB scheduling delay. The uplink latency is expected to be reduced to 5.5ms. 

Pre-Allocation: eNB provides (unicast) grants to UEs without having received a scheduling request. This also eliminates SR waiting time, SR decoding delay, and eNB scheduling delay. Latency can be reduced to 5.5ms.
A comparison of these options has been provided in [2], showing the pros and cons with respect to various aspects. In the following sections we will analyze the above options in some more detail, on two key aspects that we believe are the most important: data delivery latency and resource usage.
3. Data Delivery Latency
Previous documents have analyzed the user plane latency in terms of the delay between the SDU becoming available from the IP layer at the UE until the arrival of that data in the eNB receiver (see [3] for a comparison). In some of the discussions on this topic, latency concerns related to retransmissions for Contention Based access have been expressed. However, in order to deliver the data sufficiently reliable to the higher layers at the eNB, in all options suggested so far some form of retransmission is needed. 

For the shortened SR period option, the dominant cause of retransmissions are decoding errors due to noise and interference, and the eNB relies on HARQ retransmissions to achieve the desired residual packet error rate. As uplink HARQ is synchronous, each retransmission introduces an additional delay of 8 ms.  So the user plane latency is a function of the initial latency (shown to be 9.5 ms), the HARQ operating point, and the HARQ round-trip time (8 ms). 
For the pre-allocation method, the same applies: one transmission attempt does not necessarily imply succesful delivery of the data to the eNB IP layer, and HARQ retransmission delays should be taken into account.

For the Contention-Based access option, since it is meant for small packets and since it is a broadcast grant the eNB would use a conservative MCS, and the decoding error probability (assuming no collisions) would be fairly low. The dominant cause of unsuccesful decoding would be a collision. So the probability of unsuccesful reception is primarily determined by the collision probability, which is a function of the number of provided transmit opportunities and the offered load. We are assuming that the contention-based access procedures allow a UE to perform another transmission attempt for the same transport block (on CB resources or dedicated resources), so that the probability of succesful data delivery at the eNB increases with each attempt – similar to access using dedicated grants. The user plane latency for contention-based access is therefor a function of initial latency (shown to be 5.5 ms), the collision probability, and the delay until a retransmission attempt.
In this contribution we do not discuss the details of how to parameterize HARQ and/or Contention Based access in order to arrive at the desired residual packet error rate for the desired percentile of users. We do note that when studying options to reduce user plane latency, retransmission rates of all options and the associated latencies are relevant and should be taken into account (i.e. similar to Table 13.3a in [2]).
Conclusion 1: to obtain full insight into the benefits and costs of options to reduce user plane latency, it is necessary to consider retransmission probabilities and associated latencies of all options.
4. Resource usage 
This section analyzes the resource usage of the various options in relation to the number of users that can be provided with reduced latency access. The UE is assumed to have a certain number of access requests per second. For ease of analysis, we only study the resource usage for the first transmission attempt (i.e. no HARQ retransmissions). 
The following parameters are input to the analysis:
1. number of RBs available in the uplink for fast access (20)

2. number of fast access requests per UE per second (0.1 for TCP, 50 for gaming)

3. PUSCH grant size for uplink data transmission (2 RBs, should be sufficient for TCP and uplink gaming)

4. maximum collision probability (as perceived by the UE) is Pcol = 0.05

The following is assumed:

· for pre-allocation, it is assumed that the UEs are given a grant in each subframe (either dynamic scheduling or SPS);
· the number of fast access requests that can be handled for the Contention Based access per second is taken to be equal to: 
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  where Nop is the number of CB transmit opportunities, and P​col is the maximum per-UE collision probability;
· it is assumed that 36 UEs can be provided with D-SR resources on PUCCH in one resource block pair;
· it is assumed that the required downlink resources do not form a bottleneck.
The goal of the analysis is to calculate the number of users that can be served using the available uplink resources. We consider two scenarios:
1. a ‘First Person Shooter’ gaming scenario, where the packet inter-arrival time is on average 20 ms (i.e. 50 fast access requests per UE per second) with an exponential distribution
2. a downlink TCP scenario, where the packet inter-arrival time is on average 0.1 per second (i.e. one fast access request per 10 seconds per UE) with an exponential distribution
The results are provided in the table below.

	
	Shortened SR period
	Contention based access
	pre-allocation

	gaming scenario
	156
	11
	10

	TCP lightly loaded 
0.1 access per second
	714
	5130
	10


Table 1: number of served UEs for CB grants of 2 RBs
The number of UEs that can be served scales linearly with the number of  uplink resources available for this feature. 
From these results it becomes clear that although the shortened SR period has its benefits in the gaming scenario, it is not the most resource-efficient solution for all scenarios. In particular, in the lightly loaded TCP case the Contention Based access option is able to serve many more users with the same amount of uplink resources (5129 against 714).
The pre-allocation option does not appear to be an attractive solution, since it yields the lowest number of users that can be served in both scenarios.

The following table shows the impact to the number of users that can be served if the CB grant size is increased from 2 RBs to 5 RBs. 

	
	Shortened SR period
	Contention based access
	pre-allocation

	gaming scenario
	71
	5
	4

	TCP lightly loaded 
0.1 access per second
	689
	2052
	4


Table 2: number of served UEs for CB grants of 5 RBs
Conclusion 2: for some scenarios, the option to reduce SR periodicity is not the most efficient solution from an uplink resource point of view.  It might be beneficial to study options such as Contention Based access that are more efficient.
Note that our analysis only addressed uplink resources. For all options, also downlink resources are required. We did not perform an extensive analysis since for CB access, much depends on how signaling of the CB grants can be optimized; however no specific signaling method has been selected yet so. Below is a list of the downlink signaling required for each option.

For shortened SR:

· PHICH resources to signal the downlink ACK/NACK,

· PDCCH resources to signal the uplink grant

For Contention Based access:
· to-be-determined resource to signal the winning UE identity

· downlink resources to signal the contention based grant (PDCCH? format to be determined)
For pre-allocation:

· PDCCH resources to signal the uplink grant (dynamic grant or SPS)
5. Conclusion

This contribution has investigated two aspects: what aspects need to be studied to be able to meet the ITU requirement on reduced user plane latency, and how efficiently are the uplink resources used by the various options.

With respect to these aspects, the following two conclusions have been drawn:
Conclusion 1: to obtain full insight into the benefits and costs of options to reduce user plane latency, it is necessary to consider retransmission probabilities and associated latencies.
Conclusion 2: for some scenarios, the option to reduce SR periodicity is not the most efficient solution from an uplink resource point of view.  It might be beneficial to study options such as Contention Based access that are more efficient.
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