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1
Introduction
In order to complete 36.912 for the ITU-R submission, this document proposes new text for sections of the TR which are currently empty:
-
Latency Improvements: in the absence of any agreement, the different mechanisms which have been discussed in RAN2 so far have been listed. The requirements mentioned are the ones from [2].

-
Mobility Enhancements: to the rapporteur’s knowledge, no enhancements have been proposed or discussed. Some generic text on mobility from the LTE study item was therefore adopted [3].

-
MBMS Enhancements: very short summary of what we have agreed so far for LTE in Rel-9 [6].

-
Latency Evaluation: calculations are based on the ones provided in [1] [4] [5].

-
SON Enhancements: very short summary of what is being discussed for LTE in Rel-9 including minimisation of drive tests [7]
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 \* MERGEFORMAT [8].

[1] 3GPP TS 25.912, Feasibility study for evolved Universal Terrestrial Radio Access (UTRA) and Universal Terrestrial Radio Access Network (UTRAN)
[2] 3GPP TS 25.913, Requirements for Evolved UTRA (E-UTRA) and Evolved UTRAN (E-UTRAN)
[3] 3GPP TS 36.913, Requirements for further advancements for E-UTRA (LTE-Advanced)
[4] R2-092955, Summary of email discussion on LTE performance
[5] R2-092956, Combined AS/NAS for control plane activation
[6] R2-094116, MBMS agreements RAN2#66bis
[7] RP-090341, Minimization of drive-tests in next generation networks SI description
[8] 3GPP TR 36.902, Self-configuring and self-optimizing network use cases and solutions
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10
Improvement for latency


10.1
Improvement for C-Plane latency
In LTE-Advanced, the transition time requirement from Idle mode (with IP address allocated) to Connected mode is less than 50 ms including the establishment of the user plane (excluding the S1 transfer delay). The transition requirement from a "dormant state" in Connected mode is less than 10 ms.
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Figure 7.1: C-Plane Latency
Although already LTE Rel-8 fulfills the latency requirements of ITU (see Annex B), several mechanisms could be used to further reduce the latency and achieve also the more aggressive LTE-Advanced targets set by 3GPP [reference to 36.913]:
-
Combined RRC Connection Request and NAS Service Request: combining allows those two messages to be processed in parallel at the eNB and MME respectively, reducing overall latency from Idle mode to Connected mode by approx. 20ms.

-
Reduced processing delays: processing delays in the different nodes form the major part of the delay (around 75% for the transition from Idle to Connected mode assuming a combined request) so any improvement has a large impact on the overall latency.

-
Reduced RACH scheduling period: decreasing the RACH scheduling period from 10 ms to 5 ms results in decreasing by 2.5ms the average waiting time for the UE to initiate the procedure to transit from Idle mode to Connected mode.
Regarding the transition from a "dormant state" in Connected mode, the following mechanism can be used in LTE-Advanced to achieve the requirement:
-
Shorter PUCCH cycle: a shorter cycle of PUCCH would reduce the average waiting time for a synchronised UE to request resources in Connected mode.
10.2
Improvement for U-Plane latency
LTE Rel-8 already benefits from a U-Plane latency below 10ms for synchronised UEs (see Annex B). In situations where the UE does not have a valid scheduling assignment, or when the UE needs to synchronize and obtain a scheduling assignment, a reduced RACH scheduling period, shorter PUCCH cycle and reduced processing delays as described in subclause 10.1 above could also be used to improve the latency compared to LTE Rel-8.
Next Modified Section

12
Mobility enhancements


As LTE Rel-8, LTE-Advanced supports mobility across the cellular network and is optimized for low mobile speed from 0 to 15 km/h. Higher mobile speed between 15 and 120 km/h are also supported with high performance. Mobility across the cellular network can be maintained at speeds from 120 km/h to 350 km/h (or even up to 500 km/h depending on the frequency band). The impact of intra E-UTRA handovers on quality (e.g. interruption time) is less than or equal to that provided by CS domain handovers in GERAN. LTE-Advanced also support techniques and mechanisms to optimize delay and packet loss during intra system handover:

-
The subframe size of 1 ms makes LTE-Advanced capable of adapting to fast changing radio link conditions and allows exploitation of multiuser diversity;
-
The use of scheduled and diversity resource allocation in the frequency domain allows optimisation for various speeds, i.e., the diversity resource allocation increases frequency diversity gain at high speeds, whereas the scheduled resource allocation increases multiuser diversity gain at low speeds;
-
Forwarding of the data buffered in the source eNB to the target eNB prevents packet loss at handovers;
-
The measurements for intra-frequency neighbour cells are performed without gaps, hence without wasting radio resources. The relevant measurements for neighbour cells that operate on a different carrier frequency from the currently served frequency, are performed during transmission/reception gaps provided by DTX/DRX, or by the packet scheduler.

Next Modified Section

14
MBMS Enhancements


The MBMS baseline in LTE-Advanced is the one being introduced in LTE Rel-9 where MBMS can be provided in with single frequency network mode of operation (MBSFN). This multi-cell transmission is characterized by synchronous transmission by eNBs and their combining at the UE. The content synchronization across eNBs is guaranteed through synchronised radio frame timing, common configuration of the radio protocol stack and usage of a SYNC protocol in the CN. Multi-cell transmission doubles spectral effiency in downlink compared to single-cell one.
Next Modified Section

16.2
C-plane latency

16.2.1
Idle to Connected

The different steps involved in the transition from Idle to Connected mode in LTE-Advanced are depicted on Figure 16.2.1-1 below:
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Figure 16.2.1-1: From Idle to Connected mode

Taking LTE Release 8 as a baseline (see Annex B) and including the improvements described in subclause 10.1, the transition time from Idle to Connected mode can be reduced to 50ms as summarized in Table 16.2.1-1 below. Note that since the NAS setup portion is executed in parallel to the RRC one thanks to the combined request, it does not appear in the total.
Table 16.2.1-1: Transition time from Idle to Connected mode
	Component
	Description
	Time (ms)

	1
	Average delay due to RACH scheduling period (1ms RACH cycle)
	0.5

	2
	RACH Preamble
	1

	3-4
	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment)
	3

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	5

	6
	Transmission of RRC Connection Request
	1

	7
	Processing delay in eNB (L2 and RRC)
	4

	8
	Transmission of RRC Connection Set-up (and UL grant)
	1

	9
	Processing delay in the UE (L2 and RRC)
	12

	10
	Transmission of RRC Connection Set-up complete (including NAS Service Request)
	1

	11
	Processing delay in eNB (Uu → S1-C)
	

	12
	S1-C Transfer delay
	

	13
	MME Processing Delay (including UE context retrieval of 10ms)
	

	14
	S1-C Transfer delay
	

	15
	Processing delay in eNB (S1-C → Uu)
	4

	16
	Transmission of RRC Security Mode Command and Connection Reconfiguration (+TTI alignment)
	1,5

	17
	Processing delay in UE (L2 and RRC)
	16

	
	Total delay
	50


16.2.2
Dormant to Active

As an example, the different steps involved in the transition from a Dormant to an Active state when the UE is already synchronised are depicted on Figure 16.2.2-1 below:
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Figure 16.2.2-1: Dormant to Active
transition for synchronised UE
Taking LTE Release 8 as a baseline (see Annex B) and includuding the PUCCH periodicity improvement described in subclause 10.2, the transition time from a Dormant to an Active state when the UE is already synchronised can be reduced to 9.5 ms as summarized in Table 16.2.2-1 below.

Table 16.2.2-1: Dormant to Active transition for synchronized UE

	Component
	Description
	Time [ms]

	1
	Average delay to next SR opportunity (1ms PUCCH cycle)
	0.5

	2
	UE sends Scheduling Request
	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

	
	Total delay
	9.5


16.3
U-Plane latency

As highlighted in subclause 10.2, LTE Rel-8 already benefits from a U-Plane latency below 10ms (see Annex B) for synchronised UEs. In situations where the UE does not have a valid scheduling assignment, or when the UE needs to synchronize and obtain a scheduling assignment, a reduced RACH scheduling period, shorter PUCCH cycle and reduced processing delays as described in subclause 10.1 could be used.

Next Modified Section

15
SON Enhancements


To ease network performance analyses and minimize operational effort, LTE-Advanced extends LTE with the support of the following self optimization features:

· -
Coverage and capacity optimisation: aims at providing continuous coverage and optimal capacity of the network, by measurements derived in the network. Call drop rates give a first indication for areas with insufficient coverage, traffic counters identify capacity problems. Since coverage and capacity are linked, ability to balance the trade-off between the two of them should be possible;

· -
Mobility robustness optimization: mobility parameters optimisation to reduce the number of HO-related radio link failures. As Incorrect HO parameter settings, even if it does not result in radio link failure, may lead to serious degradation of the service performance, the avoidance of ping-pong effect or prolonged connection to non-optimal cell is a secondary objective of Mobility robustness optimization;

· -
Mobility load balancing: optimisation of cell reselection/handover parameters in order to cope with the unequal traffic load and to minimize the number of handovers and redirections needed to achieve the load balancing;

· -
RACH Optimization: an automatic RACH optimization function monitors the prevailing conditions, e.g., a change on RACH load, uplink interference, and determines and updates the appropriate parameters in order to minimize access delays for all UEs in the system and RACH load.
In addition to SON, the Minimisation of Drive Tests functionality creates an enhanced and combined effort to optimize the performance of the network. The function aims to automate the collection of UE measurements and thus minimize the need for operators to rely on manual drive-tests. The feedback from UE experiencing problems (i.e. lack of coverage, traffic is unevenly distributed or the user throughput is low) gives a beneficial overview about the network. Thus logging and reporting various UE measurement data provides foundation for adaptive network optimization. Furthermore the collected field measurements may be used for a wide scope of other SON use cases.
Next Modified Section

16.5
Mobility


The generic handover procedure of LTE-Advanced is similar to LTE Rel-8 one and is shown in Figure 16.5-1 below:
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Figure 16.5-1: U-Plane interruption in LTE-Advanced

Once the HO command has been processed by the UE, it leaves the source cell and stops receiving data. This is the point in time where data interruption starts. The first step after that is the radio synchronisation, which consists of:
1)
Frequency synchronization: typically the time taken for frequency synchronisation depends on whether the target cell is operating on the same carrier frequency as the currently served frequency or not. But since the UE has already identified and measured the target cell, this delay is negligible
2)
DL synchronization: although baseband and RF alignments always take some time, since the UE has already acquired DL synchronisation to the target cell in conjunction with previous measurement and can relate the target cell DL timing to the source cell DL timing with an offset, the corresponding delay is less than 1 ms.

Because forwarding is initiated before the UE moves and establishes connection to the target cell and because the backhaul is faster than the radio interface, forwarded data is already awaiting transmission in the target when the UE is ready to receive. This component therefore does not affect the overall delay.
In total, the interruption time is 17.5ms as summarized in Table 16.5-1 below. Note that this delay does not depend on the frequency of the target as long as the cell has already been measured by the UE, which is a typical scenario.
Table 16.5-1: U-Plane interruption in LTE-Advanced
	Component
	Description
	Time [ms]

	1
	Radio Synchronisation to the target cell
	1

	2
	Average delay due to RACH scheduling period (1ms periodicity)
	0.5

	3
	RACH Preamble
	1

	4-5
	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment)
	5

	6
	UE Processing Delay (decoding of scheduling grant + L1 encoding of UL data)
	4

	7
	Transmission of HO Complete
	1

	8
	Processing delay in eNB (L2 and RRC)
	4

	9
	Transmission of DL data
	1

	
	Total delay
	17.5


16.5.1
Intra-frequency hand-over interruption time

As explained in subclause 16.5 above, the interruption is 17.5ms regardless of the frequency of the target cell.
16.5.2
Inter-frequency handover interruption time within a spectrum band

As explained in subclause 16.5 above, the interruption is 17.5ms regardless of the frequency of the target cell.
16.5.3
Inter-frequency handover interruption time between spectrum bands

As explained in subclause 16.5 above, the interruption is 17.5ms regardless of the frequency of the target cell.
End of Text Proposal
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