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1
Introduction

After RAN#71 in March 2016, a new WI was approved [1] that aims at further LTE mobility enhancements to minimize data transmission interruptions when a UE moves from one cell to another. It is worth noting that TR 36.881 [2] has captured two major options to reduce the interruption time: RACH-less handover and maintaining source eNB connection.
After the RAN2#95 meeting, RAN WG2 made a decision to proceed with two major solutions – RACH-less and make-before-break – as two independent functional mechanisms that can be even activated simultaneously by the network. In addition, RAN2 has down-selected several make-before-break options leaving only the one in which a UE is not assumed to exchange data simultaneously with two different eNBs. However, neither during RAN2#95 nor during the RAN2#95bis meeting RAN WG2 touched upon further details of how data forwarding can be accomplished for the make-before-break feature. At the same time, during the RAN3#92 meeting, RAN WG3 made further progress on potential solutions for data forwarding and has indicated two major options in the LS document [3].
In this discussion paper we present our further considerations on data forwarding as continuation of the RAN WG3 discussion. In particular, we provide our analysis of two major data forwarding options that were identified by RAN WG3 and captured in the LS document [3]. 
2
Data forwarding options
Referring to the RAN WG3 discussion on possible data forwarding options and solutions [4-7], it is possible to classify them into two big groups, as is also indicated in the LS document [3]. More precisely, either we keep existing data forwarding principles with no changes at all, or we introduce some enhancements that will allow eliminating the potential delay caused by the fact that the source eNB will need some time to detect that a UE has left the cell. The main rationale behind introduction of further enhancements is an attempt to avoid potential data forwarding delays, as will be detailed below.
2.1
Option 1

Figure 1 below presents the basic principle of how data forwarding option 1 works for the enhanced handover procedure. Source eNB has PDCP SDUs with SN 10..15 in its buffer (i.e. not confirmed PDCP SDUs), whereupon PDCPs with SN 10..12 are already being transmitted. When the RRC re-configuration message is sent to the UE, the source eNB does not stop pending transmissions but rather continues to send data. The source eNB may continue to send data as long as it receives reliable CQI and HARQ feedback and/or following any other implementation specific criterion. In the example illustrated in Figure 1, the source eNB potentially sends more SDUs 13..14. 
Once the source eNB decides that data transmission to the UE should be stopped, it sends the SN STATUS TRANSFER message to the target eNB (DL COUNT value is set to 16). As in the legacy handover case, to avoid data loss, all the unconfirmed PDCP SDUs, i.e. with SN 10..15 in our example, are forwarded to the target eNB. If new packets arrive from S-GW (3 SDUs in our example), then they will also be forwarded to the target eNB, whereupon the target eNB will assign SN values to those packets. The same happens also to the UL packets: as long as the eNB schedules UL grants a UE can send data, which the eNB will forward to the target eNB. Once the source eNB decides that data communication with a UE should be stopped, it will include the corresponding information to the SN STATUS TRANSFER message.
[image: image1.emf]UE eNB1 eNB2

Handover Request()

Handover Request Acknowledge()

RRC Connection Reconfiguration()

RACH()

RAR()

RRC Connection Reconfiguration Complete()

UE Context Release()

SN Status Transfer()

Measurement Report()

S-GW / MME

Path Switch Request()

Path Switch Request Ack()

PDCP SDU: 10..15

PDCP SDU: 10..12

PDCP SDU: 10..15

PDCP SDU: 10..15, 16..18 PDCP SDU: 10..13

6 SDUs

3 SDUs

PDCP SDU: 13..14

A UE has

left eNB1


Figure 1: Exemplary sequence of actions during data forwarding (option 1).
As already discussed in RAN WG3, this option follows the legacy behaviour and thus no changes in RAN3 would be needed. However, one of the main concerns with this solution is that the source eNB might need some time to detect that a UE has left the cell, only after which it will initiate the data forwarding process potentially causing some delays.
2.2
Option 2
Figure 2 below presents the basic principle of how data forwarding option 2 works for the enhanced handover procedure. Source eNB has PDCP SDUs with SN 10..15 in its buffer (i.e. not confirmed PDCP SDUs), whereupon PDCPs with SN 10..12 are already being transmitted. When the RRC re-configuration message is sent to the UE, the source eNB does not stop pending transmissions but rather continues to send data. The source eNB may continue to send data as long as it receives reliable CQI and HARQ feedback from the UE (and/or until reception of the UE CONTEXT RELEASE message from the target eNB). 
The SN STATUS TRANSFER message is sent to the target eNB when the source eNB makes a handover decision and sends the RRC re-configuration messages to the UE, whereupon it also forwards data that it has in its PDCP buffer to the target eNB (i.e. SN 10..15 in our example). As communication that the UE continues after transmission of the RRC re-configuration message, the source eNB potentially sends more SDUs 13..14. Furthermore, if new packets arrive from S-GW (3 SDUs in our example), they might be also scheduled to the UE and will be also forwarded to the target eNB. 
When compared to option 1, the main difference is that the source eNB can continue transmitting data over the air, and forwarding the data over X2-U towards the target eNB concurrently. As the source continues scheduling data to the UE while at the same time forwarding it to the target eNB, this approach allows eliminating data forwarding delays. 
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Figure 2: Exemplary sequence of actions during data forwarding (option 2).
2.3
Summary of options

Firstly, none of the forwarding options have the specification impact to RAN WG2, and thus either one can be adopted that will be fully transparent to the UE. Furthermore, as already noted earlier, option 1 does not have any RAN WG3 specification impact and thus it can be implicitly perceived as the baseline solution.

With regards to the data forwarding option 2 and its specification impact, the following piece of procedural text from TS 36.423 might need to be revised to allow the source eNB transmission of user plane data after the SN STATUS TRASNFER message (see also a pseudo CR in Annex A).

----------------------------- Excerpt from TS 36.423, sub-clause 8.2.2.2 (BEGIN) ------------------------------

The source eNB initiates the procedure by stop assigning PDCP SNs to downlink SDUs and stop delivering UL SDUs towards the EPC and sending the SN STATUS TRANSFER message to the target eNB at the time point when it considers the transmitter/receiver status to be frozen. The target eNB using Full Configuration for this handover as per TS 36.300 [15] shall ignore the information received in this message.
------------------------------ Excerpt from TS 36.423, sub-clause 8.2.2.2 (END) --------------------------------

In addition, as already discussed in RAN WG3, one concern with option 2 is that the source eNB sends the SN STATUS TRASFER message and continues to exchange data with the UE, whereupon the source eNB may receive more packets in UL and/or send more data in DL. Logically, it will invalidate DL COUNT and UL COUNT values that are signalled in DL COUNT and UL COUNT IEs. However, as discussed in RAN WG3 and in particular explained in [7], the target eNB can handle this situation by updating its DL COUNT and UL COUNT values whenever it receives packets with assign SN values from the source eNB after it has received the SN STATUS TRANSFER message. 
In fact both option 1 and option 2 can be supported simultaneously. From the target eNB perspective, the difference between them is whether the target eNB receives more packets with assigned SN values after the SN STATUS TRANSFER, which may or may not happen as it will depend at least in whether the source eNB has enough data in its buffer. In other words, if the target eNB supporting option 2 does not receive packets with assigned SN values after SN STATUS TRANSFER, it can be due to absence of data in the source or due the source decision to use option 1. In turn, it can be fully up to the source eNB to decide which option to activate: if there are large volumes of data and unused DL resources, then option 2 can be more efficient; otherwise option 1 can fully suffice.
3 Conclusion
In this discussion paper we have presented technical analysis of two major data forwarding options, as identified by RAN WG3, and have expressed our view on how they can be adopted for the make-before-break LTE mobility enhancement. Option 1 does not require any specification changes, and thus it can be considered as the implicit functional baseline. Option 2 allows eliminating data forwarding delays, but it requires further changes in TS 36.423. In general, since both options are transparent to the UE, it can be up to the network to decide which solution to activate, which can be decided case by case depending on how much data the source eNB has in its output buffer.
Proposal 1: As a baseline, adopt data forwarding solution 1 (i.e. no changes to current RAN WG3 procedures).

Proposal 2: As the enhancement, adopt data forwarding solution 2 that allows for simultaneous transmission and forwarding of data.
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Annex A: pseudo CR for TS 36.423

8.2.2.2
Successful Operation
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Figure 8.2.2.2-1: SN Status Transfer, successful operation

The source eNB initiates the procedure by stop assigning PDCP SNs to downlink SDUs and stop delivering UL SDUs towards the EPC and sending the SN STATUS TRANSFER message to the target eNB at the time point when it considers the transmitter/receiver status to be frozen. The target eNB using Full Configuration for this handover as per TS 36.300 [15] shall ignore the information received in this message.

The E-RABs Subject To Status Transfer List IE included in the SN STATUS TRANSFER message contains the E-RAB ID(s) corresponding to the E-RAB(s) for which PDCP SN and HFN status preservation shall be applied.

If the source eNB includes in the SN STATUS TRANSFER message, the information on the missing and received uplink SDUs in the Receive Status Of UL PDCP SDUs IE or Receive Status Of UL PDCP SDUs Extended IE or Receive Status Of UL PDCP SDUs for PDCP SN Length 18 IE for each E-RAB for which the source eNB has accepted the request from the target eNB for uplink forwarding, then the target eNB may use it in a Status Report message sent to the UE over the radio.
For each E-RAB for which the DL COUNT Value IE is received in the SN STATUS TRANSFER message, the target eNB shall use it to mark with the value contained in the PDCP-SN IE of this IE the first downlink packet for which there is no PDCP SN yet assigned. If the DL COUNT Value Extended IE or DL COUNT Value for PDCP SN Length 18 IE is included in the E-RABs Subject To Status Transfer Item IE, the target eNB shall, if supported, use the value contained in the PDCP-SN Extended IE of the DL COUNT Value Extended IE or PDCP-SN Length 18 IE of the DL COUNT Value for PDCP SN Length 18 IE instead of the value contained in the PDCP-SN IE of the DL COUNT Value IE.

For each E-RAB for which the UL COUNT Value IE is received in the SN STATUS TRANSFER message, the target eNB shall not deliver any uplink packet which has a PDCP SN lower than the value contained in the PDCP-SN IE of this IE. If the UL COUNT Value Extended IE or UL COUNT Value for PDCP SN Length 18 IE is included in the E-RABs Subject To Status Transfer Item IE, the target eNB shall, if supported, use the value contained in the PDCP-SN Extended IE of the UL COUNT Value Extended IE or PDCP-SN Length 18 IE of the UL COUNT Value for PDCP SN Length 18 IE instead of the value contained in the PDCP-SN IE of the UL COUNT Value IE.
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