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1
Introduction
RAN3#93bis sent an LS to RAN2 [1] requesting feedback on benefits and/or impacts on two options for data forwarding. While waiting for RAN2’s reply we look in this paper more precisely on network impacts of option 2 which we believe RAN3 needs to take into account in the final evaluation.
2
Discussion
The following description of data forwarding option 2 in the way forward from RAN3#93bis [2]:
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From network point of view we believe that the following can be deduced from the above description:
· Mbb HO is considered by RAN3 to concern X2 handover only.
· The DL PDCP status may take into account PDCP SDUs not yet transmitted on the air, however in order to avoid ambiguity relative to the HFN, the number of such PDCP SDUs will have to be limited to half of the available SN range.

· The UL PDCP status transferred to the target eNB on X2 is not necessarily the final one to be reflected in the PDCP Status Report sent to the UE. However, the status signalled in the SN STATUS TRANSFER message shall be taken into account when deciding which PDCP SDUs to deliver to the EPC. All UL PDCP SDUs received by the source eNB after sending the SN STATUS TRANSFER message therefore have to be forwarded to the target eNB (they cannot be sent directly to the EPC from the source eNB).
Tentative stage 3 impacts of the above are provided in Annex A of this paper, and stage 2 impacts indicated in Annex B. The functionality of DF option 2 seems feasible for RLC-AM DRBs, but not for RLC-UM DRBs in the DL direction due to absence of PDCP Status Report from the UE.

Observation 1: The functionality of DF option 2 seems feasible for RLC-AM DRBs.
Observation 2: RLC-UM DRBs will not benefit from DF option 2 in the DL.

From transport network point of view DF option 2 will create an additional load on the X2 backhaul due to forwarding of in-sequence received UL PDCP SDUs on X2. For normal HO this data is sent on S1 only. Considering a minimum Time of Stay of 1 second per cell, and a HO duration of 50 ms, the data load on X2 will correspond to 5% of the S1 UL data load.

Observation 3: From transport network point of view DF option 2 will create an additional load on the X2 backhaul corresponding to 5% of the S1 UL data load.

For the sake of backwards compatibility, it seems possible to associate the updated functional behaviour for the SN STATUS TRANSFER message with a new mbb indicator using criticality reject. A target eNB not supporting the additional functionality will in that case fail the SN Status Transfer procedure and inform the source eNB using an error message. 

Observation 4: In order to preserve backwards compatibility, it seems possible to associate the updated functional behaviour for the SN STATUS TRANSFER message with a new mbb indicator using criticality reject.

We propose that RAN3 takes the above observations into account, together with feedback from RAN2, in the decision of whether to standardize support of DF option 2.
Proposal: RAN3 to take the above observations into account, together with feedback from RAN2, in the decision of whether to standardize support of DF option 2.

3
Conclusion
We have made the following observations and proposal:
Observation 1: The functionality of DF option 2 seems feasible for RLC-AM DRBs.

Observation 2: RLC-UM DRBs will not benefit from DF option 2 in the DL.

Observation 3: From transport network point of view DF option 2 will create an additional load on the X2 backhaul corresponding to 5% of the S1 UL data load.

Observation 4: In order to preserve backwards compatibility, it seems possible to associate the updated functional behaviour for the SN STATUS TRANSFER message with a new mbb indicator using criticality reject.

Proposal: RAN3 to take the above observations into account, together with feedback from RAN2, in the decision of whether to standardize support of DF option 2.
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Annex A – Detailed impact on SN STATUS TRANSFER message for DF option 2

Based on TS 36.423 v14.0.0

<<< start of stage 3 impacts >>>
8.2.2

SN Status Transfer

8.2.2.1
General

The purpose of the SN Status Transfer procedure is to transfer the uplink PDCP SN and HFN receiver status and the downlink PDCP SN and HFN transmitter status either, from the source to the target eNB during an X2 handover, or between the eNBs involved in dual connectivity, for each respective E-RAB for which PDCP SN and HFN status preservation applies.

If the SN Status Transfer procedure is applied in the course of dual connectivity, in the subsequent specification text

-
the behaviour of the eNB from which the E-RAB context is transferred, i.e., the eNB involved in dual connectivity from which data is forwarded, is specified by the behaviour of the "source eNB",

-
the behaviour of the eNB to which the E-RAB context is transferred, i.e., the eNB involved in dual connectivity to which data is forwarded, is specified by the behaviour of the "target eNB".

The procedure uses UE-associated signalling.

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. The source eNB sends the SN STATUS TRANSFER message to the target eNB at the time point when it considers the transmitter/receiver status to be frozen, unless it includes the Make-Before-Break Handover Indicator IE in the SN STATUS TRANSFER message in which case the data connection between the source eNB and the UE is kept as specified in TS 36.300 [15]. 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. If the Make-Before-Break Handover Indicator IE is included in the SN STATUS TRANSFER message, the target eNB may update the receive status based on received forwarded UL PDCP SDUs prior to sending the Status Report message to the UE.
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.

8.2.2.3
Abnormal Conditions

If the target eNB receives this message for a UE for which no prepared handover exists at the target eNB, the target eNB shall ignore the message.
<<<next impact >>>
9.1.1.4
SN STATUS TRANSFER

This message is sent by the source eNB to the target eNB to transfer the uplink/downlink PDCP SN and HFN status during a handover.

Direction: source eNB ( target eNB (handover), eNB from which the E-RAB context is transferred ( eNB to which the E-RAB context is transferred (dual connectivity).

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	ignore

	Old eNB UE X2AP ID
	M
	
	eNB UE X2AP ID

9.2.24
	Allocated for handover at the source eNB and for dual connectivity at the eNB from which the E-RAB context is transferred
	YES
	reject

	New eNB UE X2AP ID
	M
	
	eNB UE X2AP ID

9.2.24
	Allocated for handover at the target eNB and for dual connectivity at the eNB to which the E-RAB context is transferred
	YES
	reject

	E-RABs Subject To Status Transfer List
	
	1
	
	
	YES
	ignore

	>E-RABs Subject To Status Transfer Item
	
	1 .. <maxnoof Bearers>
	
	
	EACH
	ignore

	>>E-RAB ID
	M
	
	9.2.23
	
	–
	–

	>>Receive Status Of UL PDCP SDUs
	O
	
	BIT STRING (4096)
	PDCP Sequence Number = (First Missing SDU Number + bit position) modulo 4096

0: PDCP SDU has not been received.

1: PDCP SDU has been received correctly.
	–
	–

	>>UL COUNT Value
	M
	
	COUNT Value

9.2.15
	PDCP-SN and Hyper Frame Number of the first missing UL SDU in case of 12 bit long PDCP-SN
	–
	–

	>>DL COUNT Value
	M
	
	COUNT Value

9.2.15
	PDCP-SN and Hyper frame number that the target eNB should assign for the next DL SDU not having an SN yet in case of 12 bit long PDCP-SN
	–
	–

	>>Receive Status Of UL PDCP SDUs Extended
	O
	
	BIT STRING (1..16384)
	The IE is used in case of 15 bit long PDCP-SN in this release.

The first bit indicates the status of the SDU after the First Missing UL PDCP SDU.

The Nth bit indicates the status of the UL PDCP SDU in position (N + First Missing SDU Number) modulo (1 + the maximum value of the PDCP-SN).

0: PDCP SDU has not been received.

1: PDCP SDU has been received correctly.
	YES
	ignore

	>>UL COUNT Value Extended
	O
	
	COUNT Value Extended 9.2.66
	PDCP-SN and Hyper Frame Number of the first missing UL SDU in case of 15 bit long PDCP-SN
	YES
	ignore

	>>DL COUNT Value Extended
	O
	
	COUNT Value Extended 9.2.66
	PDCP-SN and Hyper Frame Number that the target eNB should assign for the next DL SDU not having an SN yet in case of 15 bit long PDCP-SN
	YES
	ignore

	>>Receive Status Of UL PDCP SDUs for PDCP SN Length 18
	O
	
	BIT STRING (1..131072)
	The IE is used in case of 18 bit long PDCP-SN.

The first bit indicates the status of the SDU after the First Missing UL PDCP SDU.

The Nth bit indicates the status of the UL PDCP SDU in position (N + First Missing SDU Number) modulo (1 + the maximum value of the PDCP-SN).

0: PDCP SDU has not been received.

1: PDCP SDU has been received correctly.
	YES
	ignore

	>>UL COUNT Value for PDCP SN Length 18
	O
	
	COUNT Value for PDCP SN Length 18

9.2.82
	PDCP-SN and Hyper Frame Number of the first missing UL SDU in case of 18 bit long PDCP-SN
	YES
	ignore

	>>DL COUNT Value for PDCP SN Length 18
	O
	
	COUNT Value for PDCP SN Length 18

9.2.82
	PDCP-SN and Hyper Frame Number that the target eNB should assign for the next DL SDU not having an SN yet in case of 18 bit long PDCP-SN
	YES
	ignore

	Old eNB UE X2AP ID Extension
	O
	
	Extended eNB UE X2AP ID

9.2.86
	Allocated for handover at the source eNB and for dual connectivity at the eNB from which the E-RAB context is transferred.
	YES
	reject

	New eNB UE X2AP ID Extension
	O
	
	Extended eNB UE X2AP ID

9.2.86
	Allocated for handover at the target eNB and for dual connectivity at the eNB to which the E-RAB context is transferred.
	YES
	reject

	Make-Before-Break Handover Indication
	O
	
	ENUMERATED(mbb ho, …)
	Included in case of Make-Before-Break handover (TS 36.300 [15]). 
	YES
	reject


	Range bound
	Explanation

	maxnoofBearers
	Maximum no. of E-RABs. Value is 256.


<<< end of stage 3 impacts>>>
Annex B – Tentative stage 2 impacts for DF option 2

Based on TS 36.300 v14.0.0

10.1.2.3.1
For RLC-AM DRBs

…

Upon handover, the source eNB forwards to the Serving Gateway the uplink PDCP SDUs successfully received in-sequence until the sending of the Status Transfer message to the target eNB. Then at that point of time the source eNB stops delivering uplink PDCP SDUs to the S-GW and shall discard any remaining uplink RLC PDUs. Correspondingly, the source eNB does not forward the uplink RLC context to the target eNB.
Then the source eNB shall either:

-
discard the uplink PDCP SDUs received out of sequence if the source eNB has not accepted the request from the target eNB for uplink forwarding or if the target eNB has not requested uplink forwarding for the bearer during the Handover Preparation procedure,

-
forward to the target eNB the uplink PDCP SDUs received out of sequence if the source eNB has accepted the request from the target eNB for uplink forwarding for the bearer during the Handover Preparation procedure.

· The high-lighted text requires update to account for mbb HO, where also in-sequence PDCP SDUs need to be forwarded to the target eNB.

***

For normal HO in-sequence delivery of upper layer PDUs during handover is based on a continuous PDCP SN and is provided by the "in-order delivery and duplicate elimination" function at the PDCP layer:

· It seems needed to clarify that ‘normal HO’ in this context includes mbb HO. 

***

For handovers involving Full Configuration, the source eNB behaviour is unchanged from the description above. The target eNB may not send PDCP SDUs for which delivery was attempted by the source eNB. The target eNB identifies these by the presence of the PDCP SN in the forwarded GTP-U packet and discards them.
· It seems needed to clarify that mbb HO should not be performed in case of Full Configuration HO due to absence of PDCP Status Report from the UE. In case of mbb HO, the target eNB can’t distinguish between transmitted and non transmitted DL PDCP SDUs based on the presence of PDCP SN. 

***

10.1.2.3.2
For RLC-UM DRBs

Upon handover, the source eNB does not forward to the target eNB downlink PDCP SDUs for which transmission had been completed in the source cell. PDCP SDUs that have not been transmitted may be forwarded. In addition, the source eNB may forward fresh downlink data arriving over S1 to the target eNB. The source eNB discards any remaining downlink RLC PDUs. Correspondingly, the source eNB does not forward the downlink RLC context to the target eNB.

Upon handover, the source eNB forwards all uplink PDCP SDUs successfully received to the Serving Gateway (i.e. including the ones received out of sequence) and discards any remaining uplink RLC PDUs. Correspondingly, the source eNB does not forward the uplink RLC context to the target eNB. 

· For DL, the target eNB expects that forwarded PDCP SDUs have not been attempted transmitted to the UE. But for DF option 2 this may not be true, which will result in double delivery to the UE. As a consequence, it seems needed to exclude DF option 2 for RLC-UM DRBs.
***
<<< end of document >>>
Solution 2: After sending RRC message triggering the handover procedure, the source eNB can continue transmitting data over the air, and forwarding the data over X2-U towards the target eNB concurrently. The DL PDCP status signalled to the target eNB may take into account DL PDCP SDUs known by the source eNB but not yet transmitted over the air, within a limit defined by the SN range. Received UL data is forwarded to the target eNB, which will update its UL PDCP Status based on the forwarded data.
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