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1. Introduction

At the RAN plenary #27, there was a proposal to introduce better support for conversational services over HSDPA and HSUPA (see [1], [2]). Proposals on this topic had already been put forth within RAN2 in the past (see [3] and [4]), but the discussions at the plenary led to the agreement that a work-item will be created to capture this work. 

In this document we analyze the current mechanism, attempt to identify its limitations and propose solutions. In evaluating different schemes we consider the performance both in terms of delay and in terms of service continuity and data loss. Delay directly impacts system capacity. Being served by a sub-optimal cell is inefficient. The longer the delay for the transition, the longer would need to remain on a sub-optimal cell. Although service continuity and data loss may not impact system capacity directly, it affects the user quality of service, especially when it comes to conversational services.

In section 2 of this contribution we present simulation results to assess the performance of the current re-pointing scheme. In section 3, we propose an enhanced scheme for performing more reliable re-pointing. Finally in section 4 we provide an analysis of required specification changes to support the proposed feature.
2. Simulation
2.1. Simulation Assumptions
To assess the impact of delay on the re-pointing procedure a dynamic network simulator was used. The platform can emulate a standard compliant UE performing measurement reporting [6] while moving along a metric route, and typical UTRAN behaviors. A single UE is explicitly simulated while realistic interference conditions are created by transmitting AWGN from each base station. Only the downlink is considered.
For the network model, we used a 3-tier hexagonal grid base station layout with distance between adjacent sites of 1 km. Three sectors per site were considered with a 15 dBi antenna of 90 deg horizontal beamwidth, and 8 deg vertical beamwidth. The antenna height was 25 m and the downtilt 5 deg. The maximum transmit power per sector was 43 dBm with 33dBm CPICH transmit power. A UE noise figure of 8 dB was considered and total downlink losses of 4 dB. The network was assumed fully loaded. Figure 1 shows the selected metric route chosen in order to maximize the number of cell re-pointings. 
Standard models for path-loss, shadow fading, and multi-path fading were used. For the path-loss, we used the Okumura-Hata macro-cell propagation model [2]. The average base station and UE heights were 30 m, and 1.5 m, respectively. For the shadow fading, a lognormal fading model was used. This includes a model for the autocorrelation, and a model for the cross correlation between links, of the shadow fading process [8] [9]. The standard deviation of the shadow fading was 8 dB; the de-correlation distance for the autocorrelation was 50 m; the cross correlation coefficient was 0.5. The Vehicular A model [10] (at 30 km/h) was used for the multi-path fading model.
The active set updates were based on events 1A, 1B, and 1C, while the serving cell re-pointing was based on event 1D
. Table 1 shows the measurement report parameters used in the simulations. For the filter coefficient K = 3 was used. The maximum active set size was set to 6. Consequently, we used a report deactivation threshold (event 1A) of 5, and a replacement activation threshold (event 1C) of 6. The selected reporting amounts for event 1A and 1C and reporting intervals for event 1A and 1C were infinity, and 1s, respectively. Different delays were modeled for the active set update procedure and for the re-pointing procedure. These delays include signaling transmission delay plus the network latency in setting up the radio link resources. Typical delays for the active set update procedure are in the order of ~300 ms. For the re-pointing procedure we tested the following delays: 100 ms, 200 ms, 400 ms, and 600 ms. 

The re-pointing performance was evaluated in terms of 5%-tile of the serving cell CPICH Ec/Io distribution and call drop probability at re-pointing i.e. probability of dropping a call when a re-pointing occurs. For the call drop model we assumed a Rel-6 configuration with F-PDCH and we considered the case where the RB Reconfig message with the handover command cannot reach the UE. In particular, when a re-pointing is triggered, a call is dropped if: for all 40 ms
 intervals, repeated every 100 ms
 in a window of 2 s
, the serving cell CPICH E/Io remains below -18 dB. For the same handover parameters, the call drop probability at re-pointing mainly depends on the RF environment (e.g. network layout, pilot powers, channel model etc.) rather than on the specific metric route used for the simulations.
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Figure 1: Metric Route - Serving cell map 
Table 1: Measurement report parameters

	
	event 1A
	event 1B
	event 1C
	event 1D

	W
	0
	0
	N/A
	N/A

	Reporting Range
	3 dB
	4.5 dB
	N/A
	N/A

	Hysteresis
	0 dB
	0 dB
	3 dB
	0 dB

	Time to trigger
	0 s
	0.64 s
	0.1 s
	0.1 s


2.2. Simulation Results
Table 2 shows the performance of the re-pointing procedure as a function of the delay. As expected, the smaller the re-pointing delay the higher the re-pointing performance both in terms of serving cell quality and call drop rate. In particular, reducing the delay from 600 ms to 100 ms improves the serving cell quality by ~1 dB and the call drop probability at re-pointing by ~50 %. The signaling load (re-pointing rate) is instead increased by ~15 %.

The focus is on the case with 100 ms re-pointing delay. Here, a call drop probability at re-pointing of 0.36 % may still be considered too high: in a scenario with an average re-pointing rate of 1 re-pointing every 30 s and average calls of 5 min, this will translate into a 3.6 % call drop rate. Call drops are mainly due to the fact that the handover command is sent over the serving cell. The call drop probability at re-pointing reduces to ~0.02 % if the handover command is sent over the target cell (in the above scenario, the call drop rate will reduce to 0.2 %). 

Table 2: Re-pointing performance

	Re-pointing delay, [ms]
	100
	200
	400
	600

	Re-pointing rate, [s-1]
	0.222
	0.215
	0.202
	0.192

	Call drop prob. at re-point [%]
	0.36
	0.41
	0.56
	0.79

	5%-tile Ec/Io
, [dB]
	-8.6
	-8.8
	-9.2
	-9.6


3. Proposed Solution

3.1. Current Mechanism

3.1.1. Description
In Rel-5, the mobility is based on RRC messages (the serving cell re-configuration is performed using an RB re-configuration message), which are terminated at the SRNC.

The standard supports both synchronized and unsynchronized reconfiguration of the HSDPA serving cell. Unsynchronized re-pointing can be performed somewhat faster than synchronized re-pointing but cannot guarantee that there would be no data loss if transmission in the target cell starts before the terminal is reconfigured and ready for reception.

The message sequence for a simple synchronized inter-Node B re-pointing scenario is shown in figure 2 below. The assumption is that the new RL initially becomes good enough to be added to the active set and eventually becomes the best cell.
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Figure 2: Change of serving HS-DSCH cell call Flow for Rel-5

The advantages of this scheme is that it relies entirely on the legacy R’99 mobility mechanism (RRC signalling) while providing very tight RNC control of resource allocation. The disadvantage is that it results in substantial delays in performing mobility operations.

3.1.2. Limitations

There are a number of elements in the current signalling scheme that contribute to the bad delay performance:
· RNC needs to configure the UE after the switching indication has been triggered

· Results in additional delay

· Requires stable downlink in order to complete the procedure (could be limiting considering that the reason for the change is specifically because the current cell does not give good performance)

· RNC needs to configure the Node Bs after the switching indication has been triggered.

· RNC needs to be involved in the change of cell even in the intra-Node B case.

The main reason for all these delays is the driving principle that the RNC needs to be involved in every RRM related re-configuration in the system. In the case of the HSDPA re-pointing this principle results in multiple round-trips between it and the UE or Node B, after the need for a change of best cell has been triggered.

3.2. Proposed Scheme

Some of the limitations in the current scheme can be addressed by doing the following:
· Pre-loading of UE and Node B with HS related configuration.

· Parallel monitoring of source and target node-b HS-SCCHs .

· Implicit re-pointing to target node-b at first scheduling occurrence.

A scheme making use of the first optimization was already described in [4]. The assumption is that whenever a cell needs to be added to the UE active set, the RNC decides whether the UE is allowed to re-point to it for HSDPA service. If this is the case, this cell is added to the UE HSDPA active set, and the UE and corresponding Node B are both pre-configured with the HSDPA related information.

In the Node-B, the transport bearers also need to be set up in advance, in anticipation of the re-pointing. The NBAP procedure is however different than the regular prepare/ready/commit. In this case the prepare/ready phase preloads the HDSPA configuration and the commit/Start phase instructs the target Node-B to try scheduling the UE. The delay between the pre-loading and the scheduling may be very long or may never happen.

Using the pre-loading mechanism, it will be possible for the UE and Node B to start communicating using the HS-DSCH faster. The RNC is still in control of the resource allocation by authorizing the re-pointing and is responsible for changing the packet routing (only for inter-Node B cell change).

When the UE detects a change of best cell, it uses the current mechanism by triggering an Event 1D. After waiting for a configurable amount of time, the UE starts monitoring the target Node-B’s HS-SCCHs in addition to the source Node-B’s HS-SCCHs. This way the Node-B can still be transmitting data to the UE thereby reducing the service discontinuity.

If the re-pointing is authorized by the RNC and once the target Node-B is configured and ready, it simply needs to schedule the UE on one of its HS-SCCHs which are monitored by the UE. The first scheduling occurrence from the target Node-B implicitly confirms the successful re-pointing which need to be confirmed to the RNC with a re-pointing complete message. 

In order to enhance the RLC buffer management and prevent loss of PDUs for inter Node-B re-pointing, the source Node-B can provide to the RNC a status of how much data still needs to be transmitted. With the information, the RNC can decide how much duplicate data can be sent to the target Node-B.

The resulting signalling flow in the inter-Node B serving cell change case is illustrated in figure 3. 
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Figure 3: Proposed change of serving HS-DSCH cell call Flow
3.3. Discussion

In the proposed scheme, the UE and Node Bs in the HSDPA Active set are pre-loaded with the HSDPA related information. The UE then indicates its preferred cell to the RNC using the existing RRC signalling.  

If the RNC decides the UE should re-point to the target Node-B, it must notify the current serving cell to stop scheduling the UE and notify the target cell that it should start scheduling the UE. The order in which these two procedures are executed will impact the interruption time as well as the amount of retransmissions as it is described below.

Indeed if HSDPA is switched off in the current cell before it is switched on in the target cell, the interruption time will be larger however the RNC will have a precise picture of the amount of user data buffered in the source Node-B and thus the amount of retransmissions can be reduced to a minimum (this is illustrated in figure 4).
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Figure 4: Switching off before switching on
If on the other hand HSDPA is switched on the target cell before it is switched off on the current cell, the interruption time will be very small however the RNC will not have the most up to date information on the amount of user data buffered in the source Node-B and thus some duplication or retransmission at the RLC level will be needed (this is illustrated in figure 5).
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Figure 5: Switching on before switching off
The two approaches described above are only two examples of how the cell re-pointing may be implemented and which will result in different delays before a UE can be scheduled in the target Node-B. In actual implementations some level of parallelism may be performed between both procedures (switching on and switching off) and thus the delay before a UE is scheduled in the target Node-B may vary from one network implementation to another. 

It is therefore advantageous for the system if UEs can monitor HS-SCCHs from 2 cells in parallel. This way, network implementations can have more flexibility in implementing the re-pointing functionality and control of the procedure remains in the RNC.
Another advantage of monitoring HS-SCCHs from 2 cells in parallel is the fact that UE can still receive scheduled data from the source Node-B until the target Node-B is ready for transmission. This way the service continuity is improved and the source Node-B has an opportunity to transfer part of its buffered data to the UE before the re-pointing happens.

Once the target Node-B is notified by the RNC that it needs to start scheduling the UE, it would need to perform a first transmission without any knowledge of the UE reported CQI because the CQI reported is still relative to the source Node-B. It is also preferable that the first scheduling occurrence on the HS-SCCH did not carry any user data since the UE is still configured with the source Node-B configuration.

Once the HS-SCCH transmission is received however, the UE can use this as a trigger to apply the pre-loaded target Node-B configuration and start transmitting the CQI relative to the target Node-B with the appropriate timing. This approach will however require reserving a code-point in the HS-SCCH signalling.

This new procedure is in principle not faster than the existing procedure because it relies on RNC to perform the reconfiguration hence the delay improvements will have to come from network equipment.

The main issue that is addressed with this approach is the fact that the re-pointing confirmation is now transmitted on the target Node-B which greatly improves the re-pointing call drop rate (see simulation results in section 2.2). 

We should also note that in addition to improving the re-pointing call drop rate, the new procedure will actually improve the delay caused by the excessive number of RLC retransmissions if the current procedure is used.

Conclusion 1: Pre-loading of UE and Node B with HS related configuration.

Conclusion 2: Parallel monitoring of source and target node-b HS-SCCHs.

Conclusion 3: Implicit re-pointing to target node-b at first scheduling occurrence.

4. Impact on Specifications

Supporting the feature described in this contribution will require a number of specification modifications which are described below:

· Network Side

· 25.433/25.423 NBAP/RNSAP Protocol
· Some changes maybe needed to support the pre-loading of the HS-related configuration in different cells of the same Node B.
· UE Side
· 25.214 Physical Layer Procedures

· Procedural text needs to be added to specify in which conditions the UE needs to monitor HS-SCCHs from more than one cell and how to proceed if a HS-SCCH is received on the new cell.

· 25.301 Radio Interface Protocol Architecture
· A new interface needs to be added from L1 to RRC to indicate a successful HS-SCCH reception on the new cell needs to trigger a reconfiguration.

· 25.331 Radio Resource Control

· Procedural text needs to be added to specify the new reconfiguration.
· Procedural text needs to be added to handle the storage of HS-DSCH configurations for all cells in the fast switching set (which needs to be a subset of the active set).
· The measurement procedure can be improved by specifying different measurement thresholds for the cells belonging to the fast switching set.
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� A re-pointing is triggered only if the new best cell is already part of the active set. 


� ~HARQ retransmission time.


� ~RLC retransmission interval.


� ~max RLC retransmission time.


� With respect to a genie-aided re-pointing (i.e. w.r.t  best cell)
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