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1. Introduction

RAN2 has made progress to finalize TTI bundling mechanism but several issues remain. Most companies agree that dynamic pattern is used for TTI bundling. Even with dynamic pattern, eNB generally would assign the grants similar to fixed pattern. Besides the potential collision due to ACK-to-NACK error, eNB has the flexibility to change/shift the pattern once in the while. In RAN2 #64bis, it is common consensus that not aligned PDCCH is always considered as new transmission. Such behaviour shall be captured in the spec.

2. Discussion
When TTI bundle is configured, the assumption is the HARQ entity only maintains 4 sets of HARQ buffer and information. NDI comparison is on a 16 TTI RTT basis.
As illustrated in Fig. 1, when PDCCH of bundle 5 is received (not aligned, no previous NDI available), bundle 1 is flushed from the buffer to accommodate bundle 5. Next, pattern shifts, PDCCH for bundle 6 is received (not aligned, no previous NDI available), bundle 5 is flushed to accommodate bundle 6. After a while, pattern shifts back and suspended bundle 2 is still in the buffer, PDCCH of bundle 7 is received; the problem is whether the PDCCH will be considered as new transmission regardless of the NDI? Since bundle 7 is aligned with bundle 2, NDI comparison is required in the current spec. Therefore, eNB is responsible to specify the correct NDI value (toggled) in PDCCH to trigger a new transmission.


[image: image1.emf]1

Bundle 1

Bundle 2

12 1 23

Bundle 3 Bundle 4

1234

Bundle 5

5234

HARQ buffer

n n+16

6234

Bundle 6 Bundle 7

6734

n+16*m


Figure 1
Proposal 1: When not aligned PDCCH is received, flush, if any, one of the conflict HARQ processes and eNB is responsible to maintain the NDI of realigned HARQ process.
To us, the alignment was already destroyed by bundle 5 and bundle 7 shall be considered as new regardless of the NDI value. To avoid the NDI comparison, UE can flush all conflict HARQ processes when receive a PDCCH. As illustrated in Fig. 2, when PDCCH of bundle 5 is received (not aligned, no previous NDI available), both bundle 1 and 2 are flushed from the buffer. Later when PDCCH of bundle 7 is received (not aligned, no previous NDI available), it is considered as new transmission. In this case, UE does not need to do NDI comparison, since there is no previous NDI.
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Figure 2
Proposal 2: When not aligned PDCCH is received, the HARQ entity flushes all conflict HARQ processes.

When TTI bundling is configured, if the PDCCH is received at subframe n and the first transmission is at subframe n+4, first transmission of HARQ processes begin at subframe n+1 to n+7 are considered as conflict HARQ processes. The maximum number of conflict HARQ processes is 2.
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3. Conclusion
We ask RAN2 to agree one of the below proposals, we proposal 2 is more robust and simple.
Proposal 1: When not aligned PDCCH is received, flush, if any, one of the conflict HARQ processes and eNB is responsible to maintain the NDI of realigned HARQ process.
Proposal 2: When not aligned PDCCH is received, the HARQ entity flushes all conflict HARQ processes.
4. References

[1] 3GPP TS 36.321 MAC specification

5. Annex: proposed CR for Proposal 2
5.4.2
HARQ operation

5.4.2.1
HARQ entity

There is one HARQ entity at the UE, which maintains a number of parallel HARQ processes allowing transmissions to take place continuously while waiting for the feedback on the successful or unsuccessful reception of previous transmissions.

The number of parallel HARQ processes is specified in [2], clause 8.

At a given TTI, if an uplink grant is indicated for the TTI, the HARQ entity identifies the HARQ process for which a transmission should take place. It also routes the received feedback (ACK/NACK information), MCS and resource, relayed by the physical layer, to the appropriate HARQ process.

If TTI bundling is configured, the parameter TTI_BUNDLE_SIZE provides the number of TTIs of a TTI bundle. Within a bundle HARQ retransmissions are non-adaptive and shall be performed without waiting for feedback from previous transmissions according to TTI_BUNDLE_SIZE. The feedback for a bundle is only received for the TTI corresponding to TTI_BUNDLE_SIZE. A retransmission of a TTI bundle is also a TTI bundle.

For transmission of an uplink message containing the C-RNTI MAC control element or an uplink message including a CCCH SDU during Random Access (see section 5.1.5) TTI bundling does not apply.

For each TTI, the HARQ entity shall:

-
identify the HARQ process associated with this TTI;

-
if an uplink grant has been indicated for this TTI:
-
except the grant was received in a Random Access Response, flush the HARQ process(es) conflict with the grant;
-
if the received grant was not addressed to a Temporary C-RNTI on PDCCH and if the NDI provided in the associated HARQ information has been toggled compared to the value in the previous transmission of this HARQ process; or

-
if this is the very first transmission for this HARQ process (i.e. , no previous NDI is available); or
-
if the uplink grant was received in a Random Access Response:

-
if there is a MAC PDU in the Msg3 buffer and the uplink grant was received in a Random Access Response:

-
obtain the MAC PDU to transmit from the Msg3 buffer.

-
else:

-
obtain the MAC PDU to transmit from the "Multiplexing and assembly" entity;

-
deliver the MAC PDU and the uplink grant and the HARQ information to the identified HARQ process;

-
instruct the identified HARQ process to trigger a new transmission.

-
else:

-
deliver the uplink grant and the HARQ information (redundancy version) to the identified HARQ process;

-
instruct the identified HARQ process to generate an adaptive retransmission.

-
else, if the HARQ buffer of the HARQ process corresponding to this TTI is not empty:

-
instruct the identified HARQ process to generate a non-adaptive retransmission.

When determining if NDI has been incremented compared to the value in the previous transmission UE shall ignore NDI received in all uplink grants on PDCCH for its Temporary C-RNTI.

NOTE:
A retransmission triggered by the HARQ entity should be cancelled by the corresponding HARQ process if it collides with a measurement gap or if a non-adaptive retransmission is not allowed.
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