3GPP TSG-RAN WG2 Meeting #71
R2-104628
23 - 27 August 2010, Madrid, Spain
Agenda item:

7.1.1.4
Source:
ZTE
Title:
On Pcell change by RRC reconfiguration
Document for:

Discussion and Decision
1 Introduction 
For Pcell change, at RAN2#69bis we already had the agreement to use the handover procedure as a baseline, while the use of some additional approaches was left as FFS [1]. According to the discussion RAN2#69bis, there are mainly two additional approaches for Pcell change:

1. Pcell change with RACH while keeping KeNB unchanged; 

2. Pcell change with neither RACH nor KeNB change;

Approach 2 is an asynchronous RRC reconfiguration mechanism as adopted in Rel-8/9, while approach 1 is a kind of synchronized RRC reconfiguration. Both these approaches will not cause interruption and/or data loss to the User plane. 
The need for these additional mechanisms for Pcell change in Rel-10 is discussed in the following.
2 Discussion
There are two major scenarios for Pcell change:

· Scenario I - 
Pcell change from one sector to another sector: e.g. change from cell3 in sector B to cell1 in sector A as illustrated in Figure 1.

· Scenario II -
Pcell change in the same sector: e.g. change from cell3 in sector B to cell4 in the same sector as illustrated in Figure 1.
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Figure 1. Main scenarios for Pcell change
For scenario I, the Pcell change could only be carried out with RACH procedure because of the different DL timings of the two individual sectors. For scenario II, in principle the Pcell change could be carried out without RACH procedure, but only for CA deployment scenarios 1/2/3 described in [2]. For scenarios 4/5 [2], the RACH procedure would still be needed, due to the different DL timings caused by RRH/repeaters. From this analysis we can derive that the RACH procedure cannot be avoided in most of the typical cases, which makes the short interruption time caused by this procedure unavoidable in many cases anyway. In other words, the additional approach 2 could be applied to only a very few cases.
Observation1: The RACH procedure cannot be avoided in most of the cases, which makes the additional approach 2 applicable only very rarely.
The Pcell change by handover will come with some data loss and interruption, which is the main motivation to introduce some optimized mechanism such as the (asynchronous/synchronized) RRC reconfiguration procedure. At the same time, introducing some optimization will also lead to some additional complexity. So the key question is how much benefit could be gained and what complexity would be introduced. The optimization to introduce the RRC reconfiguration procedure for Pcell change could then be considered if it becomes evident that the gains are significant while the introduced complexity is marginal.

Gains
The benefit achieved with the RRC reconfiguration procedure is to avoid the disadvantage of the handover procedure in terms of data loss and interruption time. In the Annex, the two aspects of the handover performance are analyzed. The analysis shows that both the disadvantages (data loss and interruption to the UP data flow) are not big issues in CA. In other words, the benefits gained by introducing RRC reconfiguration for Pcell change are not so significant unless the Pcell change would happen very frequently. However, we see no special reason why the frequency of Pcell change should be significantly higher in REL-10 than in REL-9 (handover).  
Observation2: The gains of introducing RRC reconfiguration for Pcell change are not that significant.

Introduced complexity

After RRC connection establishment to the PCell, the RRCConnectionReconfiguration without mobilityControlInfo can be used for the reconfiguration, addition and removal of individual Scells. The RRCConnectionReconfiguration configures all the relevant information of individual Scells, including the required system information of the Scell. In Rel10, the random access procedure occurs only on the Pcell. So the configured relevant information of individual Scells does not include such configurations as rach-Config, prach-Config, BCCH-Config, PCCH-Config. 

If the Pcell change is carried out by the handover procedure, the modifications to RRC Specification in [3] are enough. That is, the target eNB only needs to include the target Pcell’s information in the mobilityControlInfo and include some added/released Scells in the new added RRCConnectionReconfiguration-v10xy-IEs. And the text description for handover in section 5.3.5.4 of TS 36.331 could be reused with some tiny modification for the Pcell change procedure.

On the other hand, if the Pcell change is carried out by RRC reconfiguration, more modifications should be introduced with respect to the ones already suggested in [3]. One possible way is that the target Pcell’s information is included in the mobilityControlInfo and the eNB indicates the UE to perform a Pcell change procedure by RRC reconfiguration with this mobilityControlInfo. Another possible way is that the mobilityControlInfo is not included in the RRCConnectionReconfiguration, but the Pcell specific configurations rach-Config, prach-Config, BCCH-Config, PCCH-Config are configured to the Scell which will become the new Pcell. And the eNB indicates the UE to change Pcell to the indicated Scell by RRC reconfiguration.

Both of the above two possible ways would introduce a lot of modifications to TS 36.331 which would make the specification quite complicated. Especially for approach 1, which is a kind of synchronized RRC reconfiguration (while the current mechanism in Rel-8/9 is an asynchronous RRC reconfiguration), the impact should be carefully discussed before the approach is finally potentially agreed.

Observation3: The introduction of RRC reconfiguration for Pcell change will introduce a lot of modifications to TS 36.331.

From the observations above we believe that there’s no need to introduce additional approaches for Pcell change, at least in Rel-10.
Proposal: No additional approaches for Pcell change, i.e. RRC reconfiguration, shall be introduced in Rel-10.
3 Conclusion 
Observation1: The RACH procedure cannot be avoided in most of the cases, which makes the additional approach 2 applicable only very rarely.

Observation2: The gains of introducing RRC reconfiguration for Pcell change are not that significant.
Observation3: The introduction of RRC reconfiguration for Pcell change will introduce a lot of modifications to TS 36.331.
Proposal: No additional approaches for Pcell change, i.e. RRC reconfiguration, shall be introduced in Rel-10.
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5 Annex

Handover will result in some data loss and interruption to the UP data flow. Some analysis of the handover performance in LTE-A is shown here.

The handover procedure will have an impact on the user-plane protocol stack which will finally affect the overall handover performance (data loss & interruption). Table 1 shows the detailed impact on each layer of the user-plane protocol stack and the key aspects that affect the handover performance.

	impact on each layer
	key aspects that have an impact on the handover performance

(data loss & interruption)

	PDCP re-establishment
	re-key

	RLC re-establishment
	1. for TM mode: discard all RLC SDUs

2. for UM mode: 

  a. for Tx side: discard all RLC SDUs

  b. for Rx side: discard all incomplete RLC SDU
3. for AM mode: No issue

	MAC reset
	1. flush HARQ buffer
2. Random Access Procedure

	L1 reconfiguration
	No issue


Table 1
5.1 Data loss

Data loss is mainly caused by the RLC re-establishment and MAC reset during the handover procedure. The key aspects that may result in the data loss are shown in the green highlighted part in Table 1. 

1. 
For RLC TM mode: discard all RLC SDUs
A TM RLC entity can be configured to deliver/receive RLC PDUs through the following logical channels, BCCH, DL/UL CCCH and PCCH [4]. The detailed impact on the data loss of the BCCH, DL/UL CCCH and PCCH is shown in Table 2.
	BCCH
	When the Pcell changes, the UE does not need to receive system information on the old Pcell. And the essential system information of the new Pcell will be delivered by dedicated signalling. 
	no issue 

	CCCH
	No CCCH data transferred when Pcell changes
	no issue

	PCCH
	When the Pcell changes, the UE does not need to receive paging on the old Pcell.
	no issue


Table 2
Observation1-1：For RLC TM mode, discarding all RLC SDUs in the handover procedure has no impact on the data loss.

2.
For RLC UM mode:  For Tx side, discard all RLC SDUs and for Rx side, discard all incomplete RLC SDUs

An UM RLC entity can be configured to deliver/receive RLC PDUs through the following logical channels, DL/UL DTCH, MCCH or MTCH [4]. The detailed impact on the data loss of the DL/UL DTCH, MCCH or MTCH is shown in Table 3.

	MCCH or MTCH
	Same as Rel-8/Rel-9. 
	no issue 

	DTCH
	The data transmitted on DTCH with UM mode is usually not sensitive to latency and packet loss, e.g. VoIP data.
	no issue


Table 3

Observation1-2：For RLC UM mode, discarding all RLC SDUs and discarding all incomplete RLC SDUs in the handover procedure have little impact on the data loss.
3.
Flush HARQ buffer 
When MAC is reset, the HARQ buffer will be flushed, which will finally lead to the loss of RLC UM data. The impact of the loss of RLC UM data is just the same as in Observation1-2.
Observation1-3：Flushing the HARQ buffer in the handover procedure has little impact on the data loss.
Observation1: data loss is not a big issue in the handover procedure.

5.2 Interruption to the UP data flow
Interruption is mainly caused by the PDCP re-establishment(re-Key) and MAC reset (RACH procedure) during the handover procedure. The key aspects that may result in interruption are shown in the yellow highlighted part in Table 1.

Re-key will be finished during the processing of the RRCConnectionReconfiguration message. The interruption time of DL UP data mainly depends on two procedures, i.e. RACH procedure over the radio and data forwarding over X2/S1. For UL UP data the interruption time is mainly related to RACH procedure over the radio.
We have already defined some handover requirements in LTE-A for the non-contention based RACH [5]

, as shown in Figures 1 and Table 4.
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Figure 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
	Decoding of scheduling grant and timing alignment
	2

	7
	Transmission of DL Data
	1

	
	Total delay
	10.5


Table 4: U-Plane interruption in LTE-Advanced
According to Table 4, at least 9.5ms (step 7 is not counted) can be saved. However it should be noticed that the most optimized parameters are assumed here. If following parameters are assumed:

· RACH periodicity is 5ms

· RS window is 6ms

Then we get a new estimated interruption time of 12.5ms
Observation2-1: For non-contention based RACH, the interruption time is at least 10.5ms, and 12.5ms in practical cases.
And we believe that in the most cases of Pcell change, the non-contention based RACH could be assumed. 
In LTE, the maximum transport block size is 75376bits/TTI [6]. Assuming the typical prioritized CA scenario in Rel-10: 

2 CC, each with 20MHz bandwidth, no MIMO used
the amount of data which cannot be transferred during the interruption time is:

13.5ms*75376*2 /8≈0.25Mbytes  

In a real system, the maximum transport block size will hardly be allocated to one specific UE. The actual transport block size allocated will be much lower than the maximum one, e.g. for VoIP data the allocated transport block size is usually dozens of bits. Assuming the allocated transport block size is 10680bits [7] and then the amount of data which cannot be transferred during the interruption time is:

13.5ms*10680*2 /8≈0.04Mbytes

It is believed that some kind of traffic with large amount of transferred data will be activated when using carrier aggregation. Taking FTP traffic as an example[8]:
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Figure 2
The FTP session has two main parameters:

1. S : the size of the file to be transferred

2. Dpc: reading time, i.e. the time interval between the end of download of the previous file and the user request for the next file.

The parameters for the FTP application sessions are described in Table 5.
	Component
	Distribution
	Parameters
	PDF

	File size (S)
	Truncated Lognormal
	Mean = 2Mbytes

Std. Dev. = 0.722 Mbytes

Maximum = 5 Mbytes
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	Reading time (Dpc)
	Exponential
	Mean = 180 sec.
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Table 5. FTP Traffic Model Parameters
If the interruption time occurs exactly in the duration of reading time (Mean 180sec), there will even be no data interruption.

If the interruption time occurs exactly in the duration of file transferring time, the amount of interrupted data compared with the mean file size is 12.5% (0.25/2=12.5%) for the maximum transport block size and 2% (0.04/2=2%) for the transport block size of 10680 bits.

Observation2-3:
For FTP traffic, the amount of interrupted data is quite low compared with the mean file size.
Observation2: 
The interruption to the UP data flow during the handover procedure is not a big deal in CA.
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