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Proposed way forward
During offline discussions, several alternatives have been discussed as described in Table 1 and 2 in section2.2 in Annex. There is no alternative to fit the message in the minimum TB size (i.e. 72bit) which could be applied for both dedicated signature case and non-dedicated signature case. Therefore, it’s not possible to send Handover Complete in one message for all cases. After some analysis of the procedure, we believe that the usage of two messages for Handover Complete message transmission wouldn’t lead to a significant delay as discussed in section2.3 in Annex. Based on the understanding, we propose following behaviour as baseline for Handover Complete transmission. The procedure is illustrated in Fig.A and B.
· No special handling is required for MAC, RLC and PDCP

· PDCP includes MAC-I for Handover Complete (32 bits) and SN with reserved bit (8bits)
· RLC AM is used (i.e. 16bits)
· Normal MAC header (i.e. subheaders) are used (8bits for dedicated signature, 16 bits for non-dedicated signature because of C-RNTI inclusion)
· In order to accelerate procedure in case of dedicated signature case, it should be possible for eNB to allocate a grant to UE in parallel with Message 3 transmission (e.g. grant is sent to UE in next subframe of Message 3 transmission subframe). However, the detailed behaviour is FFS.
It was also proposed to further discuss when to send buffer status reporting further(BSR), since this has some impacts on Handover Complete transmission.
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Fig. A: Handover Complete transmission procedure in case of dedicated signature based on resource allocation in Message 2
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Fig. B: Handover Complete transmission procedure in case of non-dedicated signature based on resource allocation in Message 2
Annex

1. Introduction

This document discusses following points on Handover Complete transmission aspect in order to clarify discussion so far on R2-074837 from Panasonic and R2-074918 from Ericsson.
· Role of Handover Complete at target eNB
· Structure of Handover Complete from RRC/PDCP/RLC/MAC/PHY perspective
· Possible procedures
2. Discussion
2.1. Role of Handover Complete at target eNB
At Handover Complete reception, target eNB would perform following actions
· Path switching request transmission to MME
· Release resource indication to source eNB

Path switching is time critical, since target eNB couldn’t receive downlink data for RLC UM bearer because of no forwarding from source eNB. Therefore, Handover Complete should be transmitted to target eNB as soon as possible after handover execution. Release resource indication to source eNB wouldn’t be so time critical. But, it’s also preferable to release unnecessary resource.
Conclusion:  Handover Complete is time critical message. Therefore, this should be transmitted as soon as possible after handover execution
2.2. Structure of Handover Complete from RRC/PDCP/RLC/MAC/PHY perspective

As stated in previous section, Handover Complete should be transmitted as soon as possible. In order to support this, it should be possible to send Handover Complete message in Message 3 at least for dedicated signature case which would be normal behaviour. As same as initial access discussion, 72 bit restriction exists for Message 3. Following could be considered for RRC/PDCP/RLC/MAC/PHY to generate Message 3.
RRC
Handover Complete message needs to include IE "message type" and possibly IE "transaction identifier". Therefore, 8 bit would be required for Handover Complete message
PDCP

In normal PDCP header format for SRB, MAC-I (32bit) and SN + reserved bits (8bit) are required. Therefore, 40 bit would be required. If we have special behaviour for Handover Complete as same as initial access discussion, MAC-I might be able to be16 bit. Therefore, PDCP header would be 40 bit or 24 bit.
RLC

RLC header is up to RLC mode. 0 bit for TM, 8 bit for UM, and 16 bit for AM are required.
MAC

8 bit is at least required for MAC header. However, if we don’t need to multiplex other information like C-RNTI and buffer status reporting, this could be avoided by introducing specific behavour. In case of dedicated signature, eNB can assume the format. Therefore, no MAC header is required. Therefore, MAC header would be 0 bit or 8 bit.
In order to include C-RNTI or/and buffer status reporting, MAC header can’t be avoided. If only one of C-RNTI and buffer status reporting is multiplexed with Handover Complete, two subheaders (16bits = 8bit*2) are required. If both C-RNTI and buffer status reporting are required, three subheaders (24bits = 8bit*3) are required. C-RNTI is necessary to be transmitted before Handover Complete. However, it is still FFS whether BSR should be prioritized than Handover Complete message. Therefore, this document only considers to include C-RNTI in MAC header
PHY (CRC)
In case of non-dedicated signature, eNB doesn’t know whether UE’s access is initial access or non-initial access. Therefore, CRC should be same between initial access and non-initial access at least for non-dedicated signature. Otherwise, eNB needs to try blind decoding. In case of dedicated signature, eNB could use different CRC size. However, this leads additional complexity. Therefore, 16 bit CRC should be always used.
Based on above consideration, possible alternatives of Handover Complete structure is shown in Table 1 and 2. Following are main characteristics of each alternative.
- Alt.1 doesn’t have MAC header. No MAC level information can be included
- Alt.2 doesn’t have RLC header because of RLC TM. No segmentation is supported
- Alt.3 uses special PDCP header only for this purpose. 
- Alt.4 and 5 uses normal PDCP/RLC/MAC behaviour. The difference is RLC UM or AM.
Table 1: Possible alternatives of Message 3 structure for contention-free access (without buffer status reporting).
	
	Alt.1a: RLC UM w/o MAC header
	Alt.2a: RLC TM
	Alt.3a: Special PDCP header
	Alt.4a: RLC UM
	Alt.5a: RLC AM

	RRC
	0 – 8 bit (up to segmentation)
	8 bit
	8 bit
	0 – 8 bit  (up to segmentation)
	0 – 8 bit  (up to segmentation)

	PDCP
	0 – 40 bit  (up to segmentation)
	40 bit
	24 bit
	0 – 40 bit  (up to segmentation)
	0 – 40 bit  (up to segmentation)

	RLC
	8 bit
	0 bit
	8 bit
	8 bit
	16 bit

	MAC
	0 bit
	8 bit
	8 bit
	8 bit
	8 bit

	PHY (CRC)
	16 bit
	16 bit
	16 bit
	16 bit
	16 bit

	Total
	24 – 72 bit  (up to segmentation)
	72 bit
	64 bit
	32 – 80 bit  (up to segmentation)
	40 – 88 bit  (up to segmentation)



NOTE: In case the actually assigned TB size is larger than the message size, an additional 16 bits may need to be inserted on MAC level for indication of length and padding. 
Table 2: Alternatives for Message 3 structure for contention-based access (without buffer status reporting).
	
	Alt.1b: RLC UM w/o MAC header
	Alt.2b: RLC TM
	Alt.3b: Special PDCP header
	Alt.4b: RLC UM
	Alt.4b: RLC AM

	RRC
	8 bit
	8 bit
	8 bit
	0 – 8 bit  (up to segmentation)
	0 – 8 bit  (up to segmentation)

	PDCP
	40 bit
	40 bit
	24 bit
	0 – 40 bit (up to segmentation)
	0 – 40 bit (up to segmentation)

	RLC
	8 bit
	0 bit
	8 bit
	8 bit
	16 bit

	MAC
2x subheaders + C‑RNTI
	N/A
	32 bit
	32 bit
	32 bit
	32 bit

	PHY (CRC)
	16 bit
	16 bit
	16 bit
	16 bit
	16 bit

	Total
	N/A
	96 bit
	88 bit
	56 – 104 bit (up to segmentation)
	64 – 112 bit (up to segmentation)



From Tables 1 above, it is concluded that Alternatives 1a, 2a, 3a, 4a/b and 5a/b are viable and tentative solutions for transmission of HANDOVER COMPLETE for the case of contention-free access; i.e., for access with dedicated preamble. However, 3a should be avoided, since additional complexity to UE is too big compared with other alternatives. In other possible alternatives, depending on the minimum size of an UL grant given in the RA Response, alternative 1a, 4a and 5a may, however, not fit in a single TB. Therefore, segmentation is required.
From Table 2, for contention-based access, neither if the alternatives appear to fit in a minimum size grant. However, alternative 4b would appear to more efficiently utilise the granted UL resources and need less resources for transmission of the remaining segment than would an RLC TM solution which need to fully separate the transmissions of contention resolution and HANDOVER COMPLETE leading to padding of the first TB.
Conclusion: Alternatives 3a and 3b are not preferred. Either of the remaining alternatives appears feasible; Alternatives 1a or 1B is better for the case of contention-free case. 4b and 5b having an efficiency advantage for the case of contention-based access.
2.3. Possible procedures
Procedure in case of dedicated signature is illustrated in Figure 1. In this case, there is no difference between Alt.1a and Alt.2a as illustrated in Figure 1(a). Both of them can send Handover Complete once in all condition. In case of Alt.4a and Alt.5a, UE needs to send two messages for Handover Complete as illustrated in Figure 1(b). Therefore, delay is increased. However, the delay might not be significant, if additional grant can be allocated to UE for 2nd segmented Handover Complete in parallel with Message 3 transmission (e.g. grant is sent to UE in next subframe of Message 3 transmission subframe). 
Procedures in case of non-dedicated signature are illustrated in Figure 2. C-RNTI is necessary to be included in Message 3. Therefore, if grant allocation to Message 3 is limited to 72 bit, complete Handover Complete message could not be included in Message 3 for all cases. In case of Alt.2, Handover Complete couldn’t be segmented. Therefore, Message 3 couldn’t include Handover Complete. Therefore, only C-RNTI would be included in Message 3 as illustrated in Figure 2(a). In case of Alt.4b and Alt.5b, 1st segmented Handover Complete is included in Message 3, since segmentation of Handover Complete is supported by RLC UM/AM as illustrated in Figure2(b). However, there is no difference from reception timing of Handover Complete at target eNB.
Other issue is how we should treat other information in MAC layer like buffer status report. This also should be considered further. 
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(a) For Alt.1a and Alt.2a                                          (b) For Alt.4a and Alt.5a
Figure 1: procedure in case of dedicated signature for both Alt.1 and Alt.2
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(a) For Alt.2b                                                                       (b) For Alt.4b and Alt.5b
Figure 2: procedure in case of non-dedicated signature

Conclusion:  From Handover Complete transmission perspective, there wouldn’t be so much difference among alternatives from delay perspective in case of non-dedicated signature.  For dedicated signature, Alt.1a/2a is faster than Alt.4a/5a. However, the gain is not significant, since grant allocation to 2nd segmented Handover Complete could be allocated in parallel with Message 3 transmission
3. Conclusion
Following conclusions are achieved from analysis in section2.
· Handover Complete is time critical message. Therefore, this should be transmitted as soon as possible after handover execution
· Alternatives 3a and 3b are not preferred. Either of the remaining alternatives appears feasible; 1a or 1B is better for the case of contention-free case. 4b having an efficiency advantage for the case of contention-based access
· From Handover Complete transmission perspective, there wouldn’t be so much difference among alternatives from delay perspective in case of non-dedicated signature.  For dedicated signature, Alt.1a/2a is faster than Alt.4a/5a. However, the gain is not significant, since grant allocation to 2nd segmented Handover Complete could be allocated in parallel with Message 3 transmission
We propose RAN2 discusses and decides which alternatives are better base on above conclusions. Current possible way forward is to conclude to support Alt.5 with grant allocation in parallel with Message 3 transmission. However, following points should be discussed further.
· The grant allocation behaviour should be investigated further

· How to send buffer status reporting after Handover















� With a 72-bit first segment, the second segment would become 56 bits long


� With a 72-bit first segment, the second segment would become 80 bits long
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