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According to [1], when the UE switches from CBRA to CFRA, the UE will use the MAC PDU stored in the Msg3 buffer. However due to the grant size change in the CFRA RAR, the MAC PDU could be dropped. In this contribution, we discuss the error cases and potential solutions for the switch between CFRA and CBRA.
Discussion 
Issue on the switch between CFRA and CBRA 
According to the current RACH procedure in MAC, the switching between CFRA and CBRA can only occur in the RACH triggered by the BFR or the handover. For the handover, the uplink grant in the RAR is used for the transmission of the RRCReconfigurationComplete message. To construct the MAC PDU (at least 96 bits) for the transmission of the RRCReconfigurationComplete message (which is an UL DCCH message), the UE needs to add: PDCP SDU including the RRCReconfigurationComplete message (16 bits), the MAC-I (32 bits), PDCP header (16 bits), RLC header (at least 16 bits) and the MAC header (16 bits). Thus the uplink grant size in the RAR of the CFRA in the handover is normally large than the uplink grant size (which is 56 bits or 72 bits) in the RAR of the CBRA. According to the current MAC procedure [2], the UL grant in the RAR of the CFRA is only used when the Msg2 of the CFRA is successfully received by the UE.
Observation 1: For the switch from CBRA to CFRA, the uplink grant size of CFRA is expected to be larger than the uplink grant size of the CBRA.
As the RRCReconfigurationComplete message including the MAC-I is used by the network to verify the UE, the dropping of the RRCReconfigurationComplete message due to the uplink grant size change will cause the handover failure.
Observation 2: The dropping of the RRCReconfigurationComplete message due to the uplink grant size change may cause the handover failure, as the RRCReconfigurationComplete message including the MAC-I is used by the network to verify the UE.
According to the RLC AM mode (which is used for the transmission of the RRCReconfigurationComplete message), if the MAC PDU including the RRCReconfigurationComplete message is dropped, the RLC AM entity cannot trigger the RLC SDU re-transmission for the RLC SDU including the RRCReconfigurationComplete message, as the RLC AM mode triggers the RLC retransmission only when the NACK feedback is received in the RLC status report.
Observation 3: The RLC AM entity cannot trigger the RLC SDU re-transmission immediately for the RLC SDU including the RRCReconfigurationComplete message if the MAC PDU from the Msg3 buffer is dropped.
According to the Observations given above, we consider that the MAC PDU retrieved from the Msg3 buffer for the CFRA should be reconstructed to avoid the loss of the RRCReconfigurationComplete message.
Proposal 1: The RRC message included in the MAC PDU from the Msg3 buffer is not discarded due to the uplink grant size change in RAR.
Proposal 2: The MAC PDU retrieved from the Msg3 buffer for the CFRA is re-constructed if the uplink grant size indicated by the CFRA RAR is different from the MAC PDU size.

Re-construction of Msg3 MAC PDU 


Figure 1: Procedure of construct a MAC PDU
According to the MAC specification [2], the MAC PDU is constructed by firstly using the LCP procedure and then using the multiplexing procedure via “the Multiplexing and assembly entity”, as the figure give above. According to our understanding, the same procedure can be reused to re-construct the Msg3 MAC PDU.
	38.321:
[bookmark: _Toc517229806]5.4.3.1.3	Allocation of resources
The MAC entity shall, when a new transmission is performed:
1>	allocate resources to the logical channels as follows:
2>	logical channels selected in subclause 5.4.3.1.2 for the UL grant with Bj > 0 are allocated resources in a decreasing priority order. If the PBR of a logical channel is set to "infinity", the MAC entity shall allocate resources for all the data that is available for transmission on the logical channel before meeting the PBR of the lower priority logical channel(s);
2>	decrement Bj by the total size of MAC SDUs served to logical channel j above;
2>	if any resources remain, all the logical channels selected in subclause 5.4.3.1.2 are served in a strict decreasing priority order (regardless of the value of Bj) until either the data for that logical channel or the UL grant is exhausted, whichever comes first. Logical channels configured with equal priority should be served equally.
NOTE:	The value of Bj can be negative.


	[bookmark: _Toc517229807]5.4.3.2	Multiplexing of MAC Control Elements and MAC SDUs
The MAC entity shall multiplex MAC CEs and MAC SDUs in a MAC PDU according to subclauses 5.4.3.1 and 6.1.2.

	[bookmark: _Toc517229840]6.1.2	MAC PDU (DL-SCH and UL-SCH except transparent MAC and Random Access Response)
A MAC PDU consists of one or more MAC subPDUs. Each MAC subPDU consists of one of the following:
-	A MAC subheader only (including padding);
-	A MAC subheader and a MAC SDU;
-	A MAC subheader and a MAC CE;
-	A MAC subheader and padding.
The MAC SDUs are of variable sizes.
Each MAC subheader corresponds to either a MAC SDU, a MAC CE, or padding.
A MAC subheader except for fixed sized MAC CE, padding, and a MAC SDU of CCCH of size 48 bits consists of the four header fields R/F/LCID/L. A MAC subheader for fixed sized MAC CE, padding, and a MAC SDU of CCCH of size 48 bits consists of the two header fields R/LCID.


According to the current LCP procedure [2] as quoted above, while the LCP allocates the resource to a logical channel, the LCP procedure simply allocates the resource to the logical channel, regardless of whether the data of the logical channel is buffered in the MAC entity or the RLC entity. According to 38.331, as the PBR of the CCCH for the RRCReconfigurationComplete message is set to "infinity", the LCP will always allocates resources to the CCCH
Observation 4: The LCP procedure is not impacted when re-constructing a MAC PDU by using the MAC PDU stored in the Msg3 buffer, because:
· The LCP procedure allocates the resource to the logical channel, regardless of whether the data of the logical channel is buffered in the MAC entity or the RLC entity.
· As the PBR of the SRB CCCH of the RRCReconfigurationComplete message is set to "infinity", the LCP can always allocates sufficient resource to serve the RRC message of the SRB CCCH, when using the LCP procedure to re-construct the MAC PDU.
After the resource allocation, the UE uses the resource to construct the MAC PDU according to the MAC PDU format given in the Section 6.1.2 of the MAC specification, and the multiplexing procedure can multiplex both the data buffered in the MAC and the data buffered in the RLC entity for the same logical channel.
Observation 5: The multiplexing procedure is not impacted when re-constructing by using the MAC PDU stored in the Msg3 buffer, as the current multiplexing procedure can multiplex both the data buffered in the MAC and the data buffered in the RLC entity.
According to Observation 4 and 5, in order to avoid the loss of the the RRCReconfigurationComplete message stored in the Msg3 buffer, the current procedure of “the Multiplexing and assembly entity” can be re-used to construct the MAC PDU.
Observation 6: The current procedure of “the Multiplexing and assembly entity” can be re-used to construct a new MAC PDU to avoid the loss of the RRCReconfigurationComplete message stored in the Msg3 buffer.


Figure 2: The reconstructed MAC PDU if the UL grant size of CFRA is larger
According to the above Observations 1-6, as the UL grant indicated by the CBRA RAR is expected to be smaller than the MAC PDU for the RRCReconfigurationComplete message, then the RLC entity creates a RLC segment for the RRC message, which creates a MAC SDU (i.e. MAC SDU 1) of the MAC PDU stored in the Msg3 buffer. When the UE switches to the CFRA, as “the Multiplexing and assembly entity” can allocates resource to the data buffered in both the MAC and the RLC entity, and then the RLC entity can send the remaining RLC SDU containing the RRCReconfigurationComplete message to the MAC, which creates another MAC SDU (i.e. MAC SDU 2). Then the MAC entity creates two MAC SDUs for the SRB CCCH as show in the above figure, if the UL grant size indicated by the RAR of the CFRA is larger than the UL grant size indicated by the RAR of the CBRA. 
For some corner cases that the UL grant size indicated by the RAR of the CFRA is smaller than the UL grant size indicated by the RAR of the CBRA. As the allocated resource by the LCP cannot serve the MAC SDU buffered in the Msg3 buffer, the multiplexing procedure cannot create a MAC PDU fulfilling the MAC PDU format as specified in Section 6.1.2. Then there is no MAC PDU sent to the PHY (or the HARQ entity) for transmission. This is the same as the packet loss in the PHY. Then the loss of the RRCReconfigurationComplete message in the Msg3 buffer can rely on the RLC AM re-transmission.
Proposal 3: The current procedure of the Multiplexing and assembly entity is reused to re-construct a MAC PDU by using the MAC PDU stored in the Msg3 buffer.
If companies consider that it is not clear whether the current multiplexing procedure as specified in 38.321 [2] can multiplex the MAC SDU stored in the Msg3 buffer, a note as proposed below can be added.
Proposal 4: RAN2 is kindly requested to discuss whether the following note is needed for the re-construction of the Msg3 MAC PDU:
· Note x: The Multiplexing and assembly entity can generate a new MAC PDU by using the MAC PDU stored in the Msg3 buffer.
 
Conclusions
Based on the analysis for the switch between CFRA and CBRA, we have the following Observations:
Observation 1: For the switch from CBRA to CFRA, the uplink grant size of CFRA is expected to be larger than the uplink grant size of the CBRA.
Observation 2: The dropping of the RRCReconfigurationComplete message due to the uplink grant size change may cause the handover failure, as the RRCReconfigurationComplete message including the MAC-I is used by the network to verify the UE.
Observation 3: The RLC AM entity cannot trigger the RLC SDU re-transmission immediately for the RLC SDU including the RRCReconfigurationComplete message if the MAC PDU from the Msg3 buffer is dropped.
Regarding the re-construction of the Msg3 MAC PDU, we have the following Observations:
Observation 4: The LCP procedure is not impacted when re-constructing a MAC PDU by using the MAC PDU stored in the Msg3 buffer, because:
· The LCP procedure allocates the resource to the logical channel, regardless of whether the data of the logical channel is buffered in the MAC entity or the RLC entity.
· As the PBR of the SRB CCCH of the RRCReconfigurationComplete message is set to "infinity", the LCP can always allocates sufficient resource to serve the RRC message of the SRB CCCH, when using the LCP procedure to re-construct the MAC PDU.
Observation 5: The multiplexing procedure is not impacted when re-constructing by using the MAC PDU stored in the Msg3 buffer, as the current multiplexing procedure can multiplex both the data buffered in the MAC and the data buffered in the RLC entity.
Observation 6: The current procedure of “the Multiplexing and assembly entity” can be re-used to construct a new MAC PDU to avoid the loss of the RRCReconfigurationComplete message stored in the Msg3 buffer.
According to the observations given above, our proposals are as follows:
Proposal 1: The RRC message included in the MAC PDU from the Msg3 buffer is not discarded due to the uplink grant size change in RAR.
Proposal 2: The MAC PDU retrieved from the Msg3 buffer for the CFRA is re-constructed if the uplink grant size indicated by the CFRA RAR is different from the MAC PDU size.
Proposal 3: The current procedure of the Multiplexing and assembly entity is reused to re-construct a MAC PDU by using the MAC PDU stored in the Msg3 buffer.
Proposal 4: RAN2 is kindly requested to discuss whether the following note is needed for the re-construction of the Msg3 MAC PDU:
· Note x: The Multiplexing and assembly entity can generate a new MAC PDU by using the MAC PDU stored in the Msg3 buffer.
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