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1. Introduction
The Random Access Procedure Contention Resolution (CR) for Connected UE for UL data resuming is based on reception of UL grant. However reception of UL grant does necessarily mean that eNB has received the MSG3. eNB may be polling UE, for instance to obtain a periodic BSR, eNB may be resuming a suspended UL transmission, or UL data arrival may just be concurrent with an ongoing HARQ adaptive retransmission. If such unrelated UL grant is given, the Contention Resolution may occur before MSG3 is received, then the RACH procedure ends and the Buffer Status Report is lost, leading to deadlock for UL transmission for UE. 
There is no mechanism in the specification to handle this because the “endless RACH” model is meant to ensure that MAC will continue trying RACH until MSG3 is transmitted successfully and acknowledged by eNB, as indicated by the CR message. Even if RAN2 agreed to have reliable BSR mechanisms, it is not guaranteed that it will be configured. Moreover in general we should ensure that building blocks for LTE access are robust.
The current signalling for UL RACH CR is flawed because it does not positively acknowledge reception of message 3. This creates numerous problems as illustrated in [1], [2] and [3]. Instead CR should be unambiguous, meaning eNB uses it only and specifically to Ack reception of Message 3. 
2. Discussion

2.1. Option for unambiguous CR signalling

The first option would be to re-use the method used for CCCH access CR: UE includes identity in MSG3 and eNB echoes the identity in Message4, in CR Identity Control Element. However the content of the CR Identity Control Element is defined with respect to the (RRC) Message 3. Since in case of UL data resuming there is no RRC message, it is not clear how content of Message 4 should be set. 

Instead an empty “RACH Complete MAC Control Element” sent to the UE’s C-RNTI on DL-SCH is sufficient to provide un-ambiguous CR. 
While CR for DL data resuming does not suffer same problems as for UL data resuming, we propose that the same method is used for consistency and simplification of the specification.
Proposal 1: Modify how RACH Contention Resolution is performed to ensure that signalling for Contention Resolution is un-ambiguous. Use a RACH Complete MAC Control Element sent to the UE’s C-RNTI on DL-SCH to perform contention resolution for UE and eNB initiated contention-based RACH
2.2. Option to work-around ambiguous CR signalling
RAN2 may prefer to not address the problem of ambiguous CR signalling at this stage of R8 and instead handle the consequences. One possibility is to always include a BSR in the UL transmission triggered by the UL grant that resolves Contention Resolution (and not change Contention Resolution)
While this seems to address the problems identified so far and we would prefer this to doing nothing, we have a preference for addressing the problem at its root and make RACH CR un-ambiguous for R8 and beyond.. 
2.3. Which RNTI can be used during RACH?

The need for unambiguous CR becomes clear when studying which RNTI can be used during RACH. 
At last meeting it was proposed that a MSG3 should only be transmitted in response to a grant in RAR (R2-084156), however during offline discussions, the need to allow transmission of MSG3 with appropriately sized UL grant to C-RNTI was also mentioned, in order to allow “rescue” of MSG3. Such a rule would lead to following behaviour:

At the time a PDCCH to C-RNTI for UL grant is received:

1. if CR timer is not running, but RACH is ongoing (UE lost contention and is retrying) then a MSG3 would be transmitted early thanks to C-RNTI grant if TBS matches. 5.1.5 states CR timer should be started then. 

2. if the CR timer is running, it is not clear which of 5.1.5 (CR) or 5.4.2.1 (UL HARQ) is to be performed first upon receiving UL grant for the UE’s C-RNTI. 

1. Going back to the original of intention of MSG4 in case of connected-UE-initiated RACH: it is a PDCCH for UL grant. It seems the intention is not to get another MSG3 but instead to provide for the first UL-SCH transmission after RACH. That indicates the MAC specification is written under the assumption that 5.1.5 is performed before 5.4.2.1
a. If 5.1.5 happens first, then MSG3 will not be transmitted, because at the time the grant is processed by HARQ RACH is not ongoing anymore. So in this case the “rescue grant” does not work
2. If 5.4.2.1happens first, then MSG3 will be transmitted and immediately after that, this same grant makes CR occur, so RACH ends. RACH is over but eNB may not have MSG3, seems logically broken.

The above shows the need for means to differentiate actual CR from un-related grants to C-RNTI that happen while RACH is ongoing.
With robust CR as proposed above, the behaviour below becomes possible

1. Only DL assignment to C-RNTI with DL-SCH including RACH Complete MAC Control Element resolves contention.

2. transmissions to C-RNTI (UL and DL) can occur while RACH is ongoing, without interfering with RACH progression, including contention resolution
3. MSG3 transmission may be triggered by grant in RAR or to C-RNTI

4. MSG3 retransmission may be triggered by grant to Temporary-C-RNTI or to C-RNTI

5. MSG3 (re)transmissions by C-RNTI do not trigger CR or end of RACH procedure, possibly before MSG3 is received

6. UL grant to C-RNTI with NDI toggled with TBS matched to MSG3 TBS will trigger MSG3 transmission

a. However contention is not resolved so RACH is still ongoing. See [4]
7. UL grant to C-RNTI with NDI toggled with TBS not matched to MSG3 will trigger a new transmission 

b. However contention is not resolved so RACH is still ongoing 
8. If a “unrelated” UL grant to C-RNTI over-rides the buffer of an HARQ process currently performing RACH, the contention resolution timer will expire and RACH will re-attempt. (Problem mentioned in [2])
c. With current rules MSG3/BSR is lost forever in this case because CR occurs and RACH ends

A draft CR to enable unambiguous contention resolution is provided below. A CR to ensure MSG3 is transmitted in response to grant to C-RNTI when TBS matches is provided in [4].
2.4. Cost of unambiguous Contention Resolution


In case of UL data resuming, with current rules, the UL-SCH transmission can happen in response to the CR message (PDCCH for UL grant). With the unambiguous CR proposal, the UL-SCH transmission shall be preceded (in previous TTI), by a DL-SCH message to perform CR. Additional delay is 1ms for FDD, possibly more for TDD. Additional overhead is 1 PDCCH + 1 DL-SCH. We find the additional overhead is worth spending in order to ensure robust RACH and avoid the problems mentioned above. Further we expect that PUCCH-SR will be used in most cases of UL data arrival.
In case of DL data resuming, the overhead of the un-ambiguous CR is limited to the need to include a LCID for MAC Control Element resolves contention (1 byte) in the first DL message.
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5.1.5
Contention Resolution

Contention Resolution is based on C-RNTI on PDCCH and UE Contention Resolution Identity on DL-SCH.

Once the uplink message containing the C-RNTI MAC control element or the uplink message including the CCCH SDU is transmitted, the UE shall:

-
start the Contention Resolution Timer;

-
regardless of the possible occurrence of a measurement gap, monitor the PDCCH until the Contention Resolution Timer expires;

-
if notification of a reception of a PDCCH transmission is received from lower layers, the UE shall:

-
if the C-RNTI MAC control element was included in uplink message:

- 
if the PDCCH transmission is addressed to the C-RNTI and the corresponding DL-SCH message contains the RACH Complete MAC Control Element:

-
consider this Contention Resolution successful;

-
stop the Contention Resolution Timer;

-
discard the Temporary C-RNTI;

-
consider this Random Access procedure successfully completed.

-
else if the uplink message included the CCCH SDU and the PDCCH transmission is addressed to its Temporary C-RNTI:

-
if the MAC PDU is successfully decoded:

-
stop the Contention Resolution Timer;

-
if the MAC PDU contains a UE Contention Resolution Identity MAC control element; and

-
if the UE Contention Resolution Identity included in the MAC control element matches the CCCH SDU transmitted in the uplink message:

-
consider this Contention Resolution successful and finish the disassembly and demultiplexing of the MAC PDU;

-
set the C-RNTI to the value of the Temporary C-RNTI;

-
consider this Random Access procedure successfully completed.

-
else

-
consider this Contention Resolution not successful and discard the successfully decoded MAC PDU.

-
discard the Temporary C-RNTI.

-
if the Contention Resolution Timer expires:

-
consider the Contention Resolution not successful.

-
if the Contention Resolution is considered not successful the UE shall:

-
if the Random Access procedure was initiated by the MAC sublayer itself; or

-
if the Random Access procedure was initiated by a PDCCH order and the PREAMBLE_TRANSMISSION_COUNTER is less than PREAMBLE_TRANS_MAX:

-
increment PREAMBLE_TRANSMISSION_COUNTER by 1;

-
based on the backoff parameter in the UE, select a random backoff time according to a uniform distribution between 0 and the Backoff Parameter Value;

-
delay the subsequent Random Access transmission by the backoff time;

-
proceed to the selection of a Random Access Resource (see subclause 5.1.2).

-
discard the Temporary C-RNTI.
6.1.3.7 RACH Complete MAC Control Element
The RACH Complete MAC Control element is identified by a MAC PDU subheader with LCID as specified in table 6.2.1-1. It has a fixed size of zero bits.
6.2.1
MAC header for DL-SCH and UL-SCH 

The MAC header is of variable size and consists of the following fields:

-
LCID: The Logical Channel ID field identifies the logical channel instance of the corresponding MAC SDU or the type of the corresponding MAC control element or padding as described in tables 6.2.1-1 and 6.2.1-2 for the DL and UL-SCH respectively. There is one LCID field for each MAC SDU, MAC control element or padding included in the MAC PDU. The LCID field size is 5 bits;

-
L: The Length field indicates the length of the corresponding MAC SDU or MAC control element in bytes. There is one L field per MAC PDU subheader except for the last subheader and sub-headers corresponding to fixed-sized MAC control elements. The size of the L field is indicated by the F field;

-
F: The Format field indicates the size of the Length field as indicated in table 6.2.1-3. There is one F field per MAC PDU subheader except for the last subheader and sub-headers corresponding to fixed-sized MAC control elements. The size of the F field is 1 bit. If the size of the MAC SDU or MAC control element is less than 128 bytes, the UE shall set the value of the F field to 0, otherwise the UE shall set it to 1;

-
E: The Extension field is a flag indicating if more fields are present in the MAC header or not. The E field is set to "1" to indicate another set of at least R/R/E/LCID fields. The E field is set to "0" to indicate that either a MAC SDU, a MAC control element or padding starts at the next byte;

-
R: Reserved bits.

The MAC header and sub-headers are octet aligned.

Table 6.2.1-1 Values of LCID for DL-SCH

	Index
	LCID values

	00000
	CCCH

	00001-01010
	Identity of the logical channel

	01011-11010
	Reserved

	11011
	RACH Complete

	11100
	UE Contention Resolution Identity

	11101
	Timing Advance

	11110
	DRX Command

	11111
	Padding


Table 6.2.1-2 Values of LCID for UL-SCH

	Index
	LCID values

	00000
	CCCH

	00001-01010
	Identity of the logical channel

	01011-11001
	Reserved

	11010
	Power Headroom Report

	11011
	C-RNTI

	11100
	Truncated BSR

	11101
	Short BSR

	11110
	Long BSR

	11111
	Padding


Table 6.2.1-3 Values of F field:

	Index
	Size of Length field (in bits)

	0
	7

	1
	15


Editor’s note:
It is FFS whether this MAC header applies only to DL/UL SCH or also to other transport channels.
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