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1. Introduction

NDI handling with C-RNTI and temporary C-RNTI was discussed RAN2#65bis, further issues were raised in RAN2##66. However, no conclusion was reached in the email discussion before RAN#44.
This contribution discussed the problem in depth and aims to wrap up the issue. 

2. Discussion
The origin of the problem is when a RA procedure is triggered under the connected mode and the preamble is selected by MAC, there is a period of time that the eNB does not know the identity of the transmitted UE. This ignorance becomes harmful when eNB schedules an adaptive transmission for the same HARQ process used by Msg3 before Msg3 is decoded by eNB.
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The problem has following steps:

1. RA procedure is triggered under connected mode. RA preamble is selected by MAC and then transmitted.

2. RAR is received, HARQ process X is chosen and NDI is set to 0. If there was a TB (referred as previous TB) in the HARQ process X buffer, it is flushed because of Msg3. eNB does not know the UE nor the HARQ process flushed by Msg3.

3. Msg3 is transmitted.

4. eNB can schedule HARQ #X through PDCCH B for 

· C-RNTI New transmission 

· C-RNTI Adaptive retx of previous TB

· T-C-RNTI Adaptive retx of Msg3 
We observe no problem if the PDCCH B is for T-C-RNTI retx. However, if eNB request a new transmission or retx of the previous TB, UE might misinterpret and wrongly consider the RA procedure successful. More details are illustrated by the below table.
	Situation
	NDI of previous TB
	NDI after Msg3
	NDI of PDCCH B (C-RNTI)
	Actions of eNB and UE

	#1
	0
	0
	1
	eNB requests a new transmission.

UE considers the grant is for a new transmission. The RA is considered resolved. The BSR in Msg3 is lost. 

	#2
	1
	0
	0
	eNB requests a new transmission.

UE considers the grant is for an adaptive retx. Since the TB size is different and MCS is invalid, UE ignores the grant and continues with Msg3 transmission.

	#3
	0
	0
	0
	eNB requests an adaptive retransmission for the previous TB.

UE considers the grant is for an adaptive retx, Since the TB size is different and MCS is invalid, UE ignores the grant and continues with Msg3 transmission.

	#4
	1
	0
	1
	eNB requests an adaptive retransmission for the previous TB.

UE considers the grant is for a new transmission. The RA is considered resolved. The BSR in Msg3 is lost.
=> RA procedure is considered successful without a new grant.


Since the BSR is lost in Situation #1, even thought there is a new grant, eNB might not have the latest BSR information. But the NDI for the HARQ process is still in-sync.
Generally, if situation #4 happens, since the NDI is out-of-sync, eNB can not regain the HARQ process until the HARQ buffer is flushed. The penalty is eNB would lose the HARQ process until the maximum number of retransmission is reached (4x8=32ms).
We identified the worst scenario is when this RA procedure is triggered by reaching dsr-TransMax. If situation #4 happens to this RA, the UE would not trigger another RA (situation #4 may again happen to this RA) until the arrival of data from higher priority logical channel or the retxBSR-Timer has expired. In addition, since the BSR is lost, eNB might ignore the UE. Consequently, the UE might not have a grant for a long period of time. The longest possibility is the time to reach dsr-TransMax plus the value of retxBSR-Timer.
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The consequence of not having any new grant for a period of time is that all messages have no way to be transmitted. For some important messages like measurement report, such delay would result in RLF. Even though the consequence can be harmful, with all the conditions it has to satisfy, the occurrence of such harmful incidence is considered very rare.

3. Proposed Solutions
Alternative 1: If the RA procedure is resolved by the new grant of the HARQ process identical to Msg3, trigger another regular BSR.
The current specification work does not prevent the loss of BSR, therefore, the UE might not receive a new grant afterward. To completely solve the problem when keeping the NDI as in the current spec, it is proposed to have MAC trigger another regular BSR (a new regular BSR trigger to 5.4.5) if the RA procedure is resolved by the new grant addressed to C-RNTI and the grant is associated to the same HARQ process used by Msg3 of the RA. For situation #1 and #4, a new regular BSR would be triggered, if the RA procedure is indeed resolved, there is no problem with this extra BSR trigger. Otherwise, if the RA procedure is wrongly resolved, this extra BSR trigger can further trigger another SR and let eNB know the latest buffer status, in which case no BSR loss can happen.
Proposal 1: Add a new regular BSR trigger when the RA procedure is resolved by a new grant which associated with the same HARQ process used by Msg3.
	A Buffer Status Report (BSR) shall be triggered if any of the following events occur:

-
UL data, for a logical channel which belongs to a LCG, becomes available for transmission in the RLC entity or in the PDCP entity (the definition of what data shall be considered as available for transmission is specified in [3] and [4] respectively) and either the data belongs to a logical channel with higher priority than the priorities of the logical channels which belong to any LCG and for which data is already available for transmission, or there is no data available for transmission for any of the logical channels which belong to a LCG, in which case the BSR is referred below to as "Regular BSR";
-
UL resources are allocated and number of padding bits is equal to or larger than the size of the Buffer Status Report MAC control element plus its subheader, in which case the BSR is referred below to as "Padding BSR";

-
retxBSR-Timer expires and the UE has data available for transmission for any of the logical channels which belong to a LCG, in which case the BSR is referred below to as "Regular BSR";
-
periodicBSR-Timer expires, in which case the BSR is referred below to as "Periodic BSR".
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-    A Random Access, initiated by the MAC in connected mode, is considered successful by receiving a new UL grant addressed to the C-RNTI on PDCCH and the grant is associated with the same HARQ process as Msg3, in which case the BSR is referred below to as “Regular BSR”


Alternative 2: Set NDI=0 only for contention free RA.[3] 
This proposal has been discussed in last meeting and email discussion. We identified two cases that this solution doesn’t solve, in which BSR was lost.
Alternative 2.1: In addition to Alt.2, if the RA procedure initiated by MAC is resolved by a new grant of the HARQ process identical to Msg3, trigger another regular BSR.
For the two identified cases, the RA is still wrongly resolved and BSR will be lost even though UE receives a UL grant for transmission. The received new grant may be used to send UL data, but eNB unawares of UE’s buffer status may not continue to send more grants. Therefore, some UL data can be delayed until next Regular BSR is triggered. Furthermore, if the RA was triggered by some important message, e.g. measurement report, the delay may be harmful to the system.  To overcome this problem, it is also proposed to have MAC trigger another regular BSR when the RA procedure is resolved by a new grant addressed to C-RNTI and the grant is associated to the same HARQ process used by Msg3 of the RA.
Proposal 2: Set NDI=0 only for contention free RA and add a new regular BSR trigger when the RA procedure is resolved by a new grant which is associated with the same HARQ process used by Msg3.

Alternative 2.2 Always consider a grant on Temporary C-RNTI for Msg3 adaptive retransmission regardless of the NDI value.
For contention based RA, Alt.2 does not set the NDI to zero for a RAR grant, eNB does not know what value to set the NDI for the T-C-RNTI adaptive retransmission. For the latest spec, it is only possible for a T-C-RNTI grant to order an adaptive retx, however, it is not clear when the NDI is wrong whether the UE should discard the grant or generate an adaptive retx. To prevent the grant from being discarded, we propose to add a note to 5.4.2.1 to clarify that eNB can send T-C-RNTI with any NDI value to order an Msg3 adaptive retx.

	NOTE:
If a grant was addressed to a Temporary C-RNTI on PDCCH, regardless of the NDI value, it triggers an apative retransmission of the identified HARQ process.


Proposal 3: If Set NDI=0 only for contention free RA was accepted, add the note to prevent the T-C-RNTI grant from being discarded.

If RAN2 thinks the problem is not worthy of a solution. We propose to further decrease the chance of its happening by de-prioritizing the RA-RNTI grant when another C-RNTI grant is available at the same TTI. This flexibility is given by the note in 5.4.1 [1]. When the preamble is selected by the UE, it is proposed to continue with the grant for its C-RNTI. Therefore, the flexibility of choosing either grant is limited to contention free case only. 

	NOTE:
If the UE receives both a grant for its RA-RNTI and a grant for its C-RNTI, the UE may choose to continue with either the grant for its RA-RNTI or the grant for its C-RNTI.
	NOTE:
If the UE receives both a grant for its RA-RNTI and a grant for its C-RNTI, if the preamble is not selected by the UE, the UE may choose to continue with either the grant for its RA-RNTI or the grant for its C-RNTI. If the preamble is selected by the UE, the UE shall continue with the grant for its C-RNTI.


Proposal 4: Modify the note to further reduce the chance of NDI confusion.

4. Conclusion
It is proposed to discuss the following proposals to wrap up the discussion. Proposal 1 and 2 are independent solutions, despite including <set NDI=0 only for contention free RA> method or not, an extra BSR is necessary to solve the loss of BSR. 
Proposal 1: Add a new regular BSR trigger when the RA procedure is resolved by a new grant which associated with the same HARQ process used by Msg3.
Proposal 2: Set NDI=0 only for contention free RA and add a new regular BSR trigger when the RA procedure is resolved by a new grant which is associated with the same HARQ process used by Msg3.

Proposal 3 is a clarification for <set NDI=0 only for contention free RA> method. It is required only if <set NDI=0 only for contention free RA> method is accepted.
Proposal 3: If Set NDI=0 only for contention free RA was accepted, add the note to prevent the T-C-RNTI grant from being discarded.
Proposal 4 is an independent solution to decrease the chance of NDI confusion.
Proposal 4: Modify the note to further reduce the chance of NDI confusion.
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