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1. Introduction
At the RAN2 meeting #22, problems in “Combined Hard handover and SRNS relocation” were identified [1], and they were solved at the meeting #23 [2]. The main problem in this procedure was that due to the out-of-sync in RLC, Target UTRAN cannot receive an RRC message (PHYSICAL CHANNEL RECONFIGURATION COMPLETE) from UE. To speak in detail, since the state variables of RLC entities for SRB2 are out-of-sync (e.g., VT(S)=X ((0) in UE, and VR(R)=0 in UTRAN), UTRAN RLC can not receive the RLC PDUs. To solve this problem, a nice idea was presented [2] that UE and UTRAN shall (re-)establish SRB2 and increment HFN after PHYSICAL CHANNEL RECONFIGURATION message. In this way, the problem was solved, and now the procedure seems to be stable.

But the similar problems still remain in the “Combined Cell/URA update and SRNS relocation procedure”, which have not been solved yet. Here, we show the problems and propose possible solutions.

2. Problems

The Combined Cell/URA update and SRNS relocation procedure is described in 25.303 [3], and the procedure for seamless case is captured in Figure 1. According to our understanding, the sequential step of “Combined Cell/URA update and SRNS relocation” is as follows.

1) The Source RNC decides to perform SRNS relocation. It could be initiated by CELL/URA UPDATE from UE.

2) In ‘Relocation Preparation’ phase, the Source RNC forwards the relevant parameters to the Target RNC through the ‘RRC information container’ [4]. The ‘RRC information container’ includes, for example, Ciphering info (DL HFN and UL HFN) for signalling radio bearers.

3) The Target RNC becomes the Serving RNC when the RANAP Relocation Detect message is sent to the CN.

4) The Target RNC sends a UTRAN MOBILITY INFORMATION (Case I : UE not involved) or a CELL/URA UPDATE CONFIRM (Case II : UE involved) to the UE. A new U-RNTI is included in these messages, which informs UE of the fact that SRNS relocation was performed.

5) Upon reception of this message, UE calculates the START value (‘Downlink counter synchronisation info’ makes UE do this), and sends a UTRAN MOBILITY INFORMATION CONFIRM to Target RNC with the calculated START value.

6) Upon reception of the UTRAN MOBILITY INFORMATION CONFIRM message, the Target RNC establishes RLC entities with the received START value. Meanwhile, the UE also re-establishes its RLC entities with the transmitted START value.

The problem is found in step 4. At this step, the Target RNC sends RRC messages either on SRB1 or SRB2; the UTRAN MOBILITY INFORMATION is sent either on AM/DCCH (SRB2) or UM/DCCH (SRB1), and the CELL/URA UPDATE CONFIRM is sent only on UM/DCCH (SRB1). Note that though the CELL/URA UPDATE CONFIRM can use UM/CCCH (SRB0), by the SRNS relocation policy (if SRNS is relocated before CELL/URA UPDATE CONFIRM is sent, a DCCH should be used to allow ciphering of the message contents), this message should not use SRB0 in case of SRNS relocation. Thus, we will show the problems for two cases (SRB1 and SRB2) by the following examples.

[case A] DL RRC message is sent on SRB1 (UM/DCCH)

Before the SRNS relocation, DL HFN=X and VT(US)=50 in Source RNC, and DL HFN=X and VR(US)=50 in UE. When the SRNS relocation occurs, since only HFN value is transferred from Source to Target RNC, the Target RNC establishes UM RLC entity with DL HFN=X and VT(US)=0. When the RRC message is sent to the UE, UE considers the UMD PDU with SN=0 a new PDU (SN=50~127 are considered missing), and increases the DL HFN to X+1. Due to the mismatch of DL HFN, UE RLC can’t decipher the PDU correctly. It means UE can’t receive the RRC message.

[case B] DL RRC message is sent on SRB2 (AM/DCCH)

Before the SRNS relocation, DL HFN=X and VT(S)=3000 in Source RNC, and DL HFN=X and VR(R)=3000 in UE. When the SRNS relocation occurs, since only HFN value is transferred from Source to Target RNC, the Target RNC establishes AM RLC entity with DL HFN=X and VT(S)=0. When the RRC message is sent to the UE, UE will take actions based on the Rx window. If the AMD PDU with SN=0 is outside the Rx window, UE just discards it. Otherwise, if it is inside the Rx window, UE considers it a new PDU (SN=3000~4095 are considered missing), and increases the DL HFN to X+1. Due to the same reason above, UE RLC can’t decipher it correctly. Therefore, UE can’t receive the RRC message.

In both cases (SRB1 or SRB2) UE can’t receive the RRC message, and SRNS relocation fails. Of course, there is a very little possibility that UE receives the RRC message correctly; when VT(US)=VR(US)=0 or VT(S)=VR(R)=0. But even if the UE receives correctly, the Target RNC can’t receive UTRAN MOBILITY INFORMATION CONFIRM (step 6). This message is sent on AM/DCCH (SRB2), and it can’t be received by the Target RNC by the same reason as in case B (e.g., VT(S)=3000 in UE, and VR(R)=0 in Target RNC).

3. Solutions

In order for UE to receive UTRAN MOBILITY INFORMATION (case A or B) or CELL/URA UPDATE CONFIRM (case A only) correctly, we propose several solutions for each case.

[case A] DL RRC message is sent on SRB1 (UM/DCCH)

A.1. Target RNC establishes SRB1 and increments DL HFN


When the Target RNC receives RRC information container, it shall increment the DL HFN and establish SRB1. Then the RRC message is sent on the UMD PDUs from SN=0. When the UE receives these UMD PDUs, the UE considers them new PDUs (consider PDUs from VR(US) to 127 missing) and increments the DL HFN also. In this way, we can maintain the DL HFN and SN synchronization. But in this method, additional change for “Special LI” is needed. Currently, the “Special LI” is defined to be used only for DL CCCH or SHCCH [5]. However, if the UE receives a PDU without “Special LI”, the UE consider it as a part of a previous SDU and just discards it. Therefore, the “Special LI” should be used for this case (UM/DCCH), and it should be included in the first UMD PDU (SN=0). 

A.2. Source RNC transfers VT(US) to Target RNC


When the SRNS relocation occurs, the Source RNC transfers VT(US) of SRB1 to the Target RNC through the RRC information container. Then the Target RNC establishes SRB1 (UM RLC) with the transferred values, and sends the RRC message with those values. Since the HFN and SN are synchronized, UE can receive the RRC message correctly. But here we have several issues. The first one is addition of VT(US) of SRB1 into the RRC information container. A new IE is needed. The second one is the “RLC establishment”. When the RLC entity is established, all the state variables are set to initial values (mostly 0) [6]. It means that we can’t establish UM RLC entity with VT(US)(0. If we want to do this, we should do the following two steps; Establish and then Modify. The third one is the use of “Special LI”. If the “Special LI” is not included in the first UMD PDU, and if, for example, the UMD PDU with SN=VT(US)-1 was lost in the Source RNC, the UE will discard the UMD PDUs up to the first PDU which contains a LI field. Therefore, the “Special LI” guarantees the reception of the RRC message this case also.

[case B] DL RRC message is sent on SRB2 (AM/DCCH)

B.1. Target RNC establishes SRB2 and initiates RLC RESET procedure


Before sending RRC message, the Target RLC should initiate the RLC RESET procedure to synchronize the HFN and SN. After the RESET procedure, both the DL and UL HFN are incremented, and all the state variables are set to initial value [7]. Then the RRC message is sent with the updated values. This method is robust, but some modifications to the spec. are needed. According to our understanding, the RESET procedure is not allowed for SRBs [8] (the spec. does not specify this explicitly). But to synchronize the HFN and SN, the RESET procedure should be allowed for SRB2 at least for SRNS relocation case. Another thing to address is a new trigger for RLC RESET procedure. Generally, RLC RESET procedure is initiated by RLC protocol errors, and three triggers are specified in [7]. But in this case, we need another trigger that RRC informs RLC of initiating RESET procedure. Therefore, we need a new C-primitive and a new trigger for RESET procedure. Moreover, during the RESET procedure, it is desirable that all the RLC SDUs in the transmitting and receiving side of the RLC entity be flushed. In [7], it is specified that only the RLC SDUs that were transmitted before the RESET in the transmitting side of the AM RLC entity are flushed. Since the not transmitted SDUs are useless for the Target RNC, UE doesn’t need to transmit them after the SRNS relocation.  

B.2. Source RNC transfers VT(S) to Target RNC


When the SRNS relocation occurs, the Source RNC transfers VT(S) of SRB2 to the Target RNC through the RRC information container. Then the Target RNC establishes SRB2 (AM RLC) with the transferred values, and sends the RRC message with those values. The UE behaviour is different from that in method A.2, because the AM RLC has a Rx window. If VT(S) is equal to VR(R), no problem occurs. But if VT(S) is larger than VR(R) (mainly due to the unconfirmed RLC SDUs in Source RLC), the UE will send a STATUS PDU indicating AMD PDUs from VR(R) to VT(S)-1 are missing. Now a problem occurs. Since VT(A)=VT(S), the Target RLC finds that the received STATUS PDU contains “erroneous Sequence Number”, and it will initiate RESET procedure [9]. Therefore, the RLC PDUs transmitted before the RESET will be lost (note that RLC buffers are flushed during RESET procedure [7]).


To guarantee the successful transmission, VT(A) in addition to VT(S) should also be transferred to Target RNC. Then the Target RNC establishes SRB2 with the transferred DL HFN, VT(A), and VT(S) (as in method A.2, Establish and then Modify). The RRC message is transmitted by the AMD PDUs from VT(S). If a STATUS PDU indicating NACKs for the AMD PDUs from VR(R) to VT(S)-1 is received, the Target RLC should send a MRW SUFI to move the Rx window to VT(S). Here, additional trigger for MRW SUFI is needed. Therefore, we need a new C-primitive and a new trigger for SDU discard with explicit signalling procedure.

B.3. Do not send UTRAN MOBILITY INFORMATION on SRB2 in case of SRNS relocation


This is the simplest solution. As we can see in the solutions B.1 and B.2, the transmission of RRC message on SRB2 has many problems. Thus, this solution needs to be considered also. In this case, either the solution A.1 or A.2 should be used. 


The above solutions are those for step 4 in section 2. That is, a UTRAN MOBILITY INFORMATION (Case I : UE not involved) or a CELL/URA UPDATE CONFIRM (Case II : UE involved) message can be received with the above solutions. Though the UE receives the DL RRC messages correctly, the problem still remains, however, that the Target RNC can’t receive UTRAN MOBILITY INFORMATION CONFIRM (step 6) message. This message is sent on SRB2 (AM/DCCH), but since the VT(S) in UE and VR(R) in Target RNC are usually different (VT(S)(0, VR(R)=0), HFN and SN should be synchronized before the transmission of UTRAN MOBILITY INFORMATION CONFIRM. Thus, we propose solutions for step 6 also. 

C.1. UE receives DL RRC message on SRB1 (UM/CCCH)


In this case, only the DL HFN of SRB1 is synchronized. Therefore, both the UE and UTRAN should (re-)establish SRB2 with the same HFN values (DL and UL, respectively) before the transmission of UL RRC message. A possible HFN value is the current value+1 as in the Combined Hard Handover and SRNS relocation. Another possible value is MAX(UL HFN of SRB2 | DL HFN of SRB2)+1 as in [10]. Any value can be used if UE and UTRAN have same HFN values. After the transmission of UL RRC message, both the UE and UTRAN should (re-)establish the SRBs (except SRB2) and RBs with the START value included in the UTRAN MOBILITY INFORMATION CONFIRM. Note that re-establishment of DL SRB1 is not essential. 

C.2. UE receives DL RRC message on SRB2 (AM/DCCH) with a RESET procedure


If UE receives DL RRC message on SRB2 and the solution B.1 is adopted, we don’t need to (re-)establish SRB2 after the reception of the message. During the RESET procedure, the DL and UL HFNs are synchronized, and UE can send UL RRC message without re-establishment of SRB2. After the transmission of UL RRC message, both the UE and UTRAN should (re-)establish the SRBs (except SRB2) and RBs with the START value included in the UTRAN MOBILITY INFORMATION CONFIRM.

C.3. UE receives DL RRC message on SRB2 (AM/DCCH) with a SDU discard with explicit signalling procedure


If UE receives DL RRC message on SRB2 and the solution B.2 is adopted, only the DL HFN of SRB2 is synchronized. Since the UL HFN is not synchronized, we have to (re-)establish SRB2 both in UE and UTRAN. The rest of the procedure is same as C.1 except that DL SRB1 needs to be re-established.

It should be noted that C.1 can be applied for all cases. Though the UE receives DL RRC message on SRB2 with a RESET procedure in C.2, the re-establishment of SRB2 does not harm to the normal operation; the HFNs are updated twice and that’s all. 

Note also that the IE “RLC re-establish indicator (RB2, RB3 and RB4)” should not be included in the CELL UPDATE CONFIRM message. If it is included, UE will re-establish SRB2, SRB3, and SRB4, and set their HFN values to the START value included in the latest transmitted CELL UPDATE message [11]. Since UE SRB2 is re-established with START value, UTRAN can’t receive UTRAN MOBILITY INFORMATION CONFIRM (UTRAN SRB2 is established with either HFN+1 or MAX(UL HFN of SRB2 | DL HFN of SRB2)+1). There was a proposal that removes the IE “RLC re-establish indicator (RB2, RB3 and RB4)” in the CELL UPDATE CONFIRM message [12]. The decision made then was “The functionality was still needed for SRNS relocation and should therefore not be removed”. But since this IE is no more needed for SRNS relocation, it is better to remove the IE if no more usage is found. 
4. Proposals


This document shows the problems in the “Combined Cell/URA update and SRNS relocation” procedure, and proposes possible solutions. Though we have shown only seamless case, the problems and solutions can be applied to lossless case also. 

Between the solutions A.1 and A.2, we choose A.1. Both solutions requires the change for “Special LI”, but A.1 is more simple; it does not need a new IE in the RRC information container, and it is easy to establish SRB1.


Among the solutions for case B, we want to choose B.3. It is somewhat radical, but it is the simplest. Using SRB2 has many impacts on the current spec. Moreover, a small description like “in case of SRNS relocation, the UTRAN transmits a UTRAN MOBILITY INFORMATION message on DCCH using UM RLC” would suffice. 

If using AM RLC is nevertheless needed, we choose B.1. It is more robust and needs less changes than B.2.

Among the solutions for case C, we choose C.1. Since C.1 can be applied for all scenarios, we can make the spec. more readible by specifying a single solution.


To conclude our presentation, we propose that either the solutions (A.1,B.3,C.1) or (A.1,B.1,C.1) be adopted. The attached draft CR is for 25.303, and it is based on the solutions (A.1,B.1,C.1). If it is adopted, we will provide CRs for the relative part of the spec (25.331 and optionally 25.322).
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Figure 1. Combined Cell/URA update and SRNS relocation (seamless radio bearers)
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6.4.8.1
Combined Cell/URA Update and SRNS relocation (lossless radio bearers)

The procedure is initiated by the source RNC deciding to perform a SRNS relocation. Case I represents the situation when the UE is not involved and this is shown in Figure 34. Case II represents the situation when the UE is involved and a Combined Cell/URA update and SRNS relocation is performed, also shown in Figure 34.

A RANAP Relocation Command is received by the source RNC from the CN, indicating the RABs to be released and the RABs that are subject to data forwarding. Lossless SRNS relocation is always, and only, configured for RABs that are subject to data forwarding. The PDCP layer shall support PDCP sequence numbering when lossless SRNS relocation is supported [7].

For the affected radio bearers, the RLC entity is stopped and the PDCP sequence numbers are retrieved by RRC. The PDCP send and receive sequence numbers are then transferred in the RNSAP Relocation Commit message from source to target RNC for RABs that support lossless SRNS relocation. The target RNC becomes the serving RNC when the RANAP Relocation Detect message is sent.

The target RNC then sends a UTRAN MOBILITY INFORMATION (Case I) on SRB#1 (UM/DCCH) or SRB#2 (AM/DCCH), or a CELL/URA UPDATE CONFIRM (Case II) on SRB#1 (UM/DCCH); which configures the UE with the new U-RNTI and indicates the uplink receive PDCP sequence number for each radio bearer configured to support lossless SRNS relocation. 
If SRB#1 is to be used, the target RNC establishes the UM RLC entity, and the DL HFN value is set to the current DL HFN value incremented by one. In the UM RLC entity, the “Special LI” is used to indicate that an RLC SDU begins in the beginning of an RLC PDU.

If SRB#2 is to be used, the target RNC establishes the AM RLC entity, and the DL and UL HFN values are set to the current DL and UL HFN values. Before sending a UTRAN MOBILITY INFORMATION message, the transmitting side of the AM RLC entity initiates RLC RESET procedure to synchronize the HFN values between UTRAN and UE.

Upon reception by the UE of the message, the UE compares the uplink receive PDCP sequence number with the UE uplink send PDCP sequence number. If this confirms PDCP SDUs successfully transferred before the start of relocation i.e. already received by the source RNC then these are discarded by the UE. The UE re-initialises the PDCP header compression entities of the radio bearers configured to use a header compression protocol [7]. The RLC entity for SRB#2 is (re-)established both on the UTRAN and UE sides, and their HFN values are set to the VALUEs incremented by one. /* Note : VALUE should be defined; either the current HFN value or MAX(UL HFN of SRB2 | DL HFN of SRB2). */
If the UE has successfully configured itself, it shall send a UTRAN MOBILITY INFORMATION CONFIRM (Case I and Case II). These messages contain the START values and the downlink receive PDCP sequence number for each radio bearer configured to support lossless SRNS relocation. 
Upon reception and acknowledgement by the UTRAN of the message, the UTRAN compares the downlink receive PDCP sequence number with the downlink send PDCP sequence number. The UTRAN initialises the PDCP header compression entities of the radio bearers configured to use a header compression protocol [7].  The RLC entities for affected radio bearers (other than SRB#2) are (re-)established both on the UTRAN and UE side. The HFN values for each RB are set to the START value in the message for the corresponding CN domain, and all the data buffers are flushed.
In case of failure, the UE shall send a UTRAN MOBILITY INFORMATION FAILURE (Case I and Case II).

Upon reception of the UTRAN MOBILITY INFORMATION CONFIRM/FAILURE (Case I and Case II), the relocation procedure ends.
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Figure 34: Combined Cell/URA Update and SRNS relocation (lossless radio bearers)
6.4.8.3
Combined Cell/URA Update and SRNS relocation (seamless radio bearers)

The procedure is initiated by the source RNC deciding to perform a SRNS relocation. Case I represents the situation when the UE is not involved and this is shown in Figure 36. Case II represents the situation when the UE is involved and a Combined Cell/URA update and SRNS relocation is performed, also shown in Figure 36.

A RANAP Relocation Command is received by the source RNC from the CN, indicating the RABs to be released. The source RNC continues the downlink data transmission on radio bearers supporting seamless SRNS relocation until the target RNC becomes the serving RNC. The target RNC becomes the serving RNC when the RANAP Relocation Detect message is sent.
The target RNC sends a UTRAN MOBILITY INFORMATION (Case I) on SRB#1 (UM/DCCH) or SRB#2 (AM/DCCH), or a CELL/URA UPDATE CONFIRM (Case II) on SRB#1 (UM/DCCH); which configures the UE with the new U-RNTI.
If SRB#1 is to be used, the target RNC establishes the UM RLC entity, and the DL HFN value is set to the current DL HFN value incremented by one. In the UM RLC entity, the “Special LI” is used to indicate that an RLC SDU begins in the beginning of an RLC PDU.
If SRB#2 is to be used, the target RNC establishes the AM RLC entity, and the DL and UL HFN values are set to the current DL and UL HFN values. Before sending a UTRAN MOBILITY INFORMATION message, the transmitting side of the AM RLC entity initiates RLC RESET procedure to synchronize the HFN values between UTRAN and UE.
Upon reception by the UE of the message, the RLC entity for SRB#2 is (re-)established both on the UTRAN and UE sides, and their HFN values are set to the VALUEs incremented by one. /* Note : VALUE should be defined; either the current HFN value or MAX(UL HFN of SRB2 | DL HFN of SRB2). */
If the UE has successfully configured itself, it shall send a UTRAN MOBILITY INFORMATION CONFIRM (Case I and Case II). These messages contain the START values (to be used in integrity protection and in ciphering on radio bearers using UM and AM RLC). 
Upon reception and acknowledgement by the UTRAN of the message, the UTRAN initialises and the UE re-initialises the PDCP header compression entities of the radio bearers configured to use a header compression protocol [7]. The RLC entities for affected radio bearers (other than SRB#2) are (re-)established both on the UTRAN and UE side. The HFN values for each RB are set to the START value in the message for the corresponding CN domain, and all the data buffers are flushed.
In case of failure, the UE shall send a UTRAN MOBILITY INFORMATION FAILURE (Case I and Case II).

Upon reception of the UTRAN MOBILITY INFORMATION CONFIRM/FAILURE (Case I and Case II), the relocation procedure ends.
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Figure 36: Combined Cell/URA Update and SRNS relocation (seamless radio bearers)
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