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1. Introduction

RAN2 has made progress to finalize TTI bundling mechanism but several issues remain.
2. Discussion
2.1. RTT of Message3

Subframe bundling operation has been updated to the RAN1 spec [2], for subframe bundling operation the RTT is 16ms. However, for transmission of an uplink message containing the C-RNTI MAC control element or an uplink message including a CCCH SDU during Random Access TTI bundling does not apply. For these non-bundled operation after TTI bundling is configured, it is unclear that the RTT is 8 or 16ms. Considering delay, 8ms is the preferred option.
Proposal 1: Clarify the RTT of non-bundling transmission after TTI bundling is configured and LS RAN1 if necessary.
2.2. Abnormal feedback
Current spec has made it clear that the feedback of a bundle is received at the TTI corresponding to the last TTI of the bundle, “For subframe bundling operation, the corresponding PHICH resource is associated with the last subframe transmission in the bundle”. But it does not preclude the case that feedbacks are received for other TTIs in a bundle. We believe this is an error case that an abnormal feedback is received and propose to ignore these misplaced feedbacks. Therefore, the HARQ entity would only forward the feedback of the last TTI of a bundle to the corresponding HARQ process.
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Proposal 2: If TTI bundling is configured, the HARQ entity only forwards the feedback corresponding to TTI_BUNDLE_SIZE for a bundle and ignores feedbacks corresponding to other TTIs of a bundle.

2.3. Abnormal UL grant
When TTI bundling is configured, after received a UL grant, UE may receive another UL grant before the transmission corresponding to the first UL grant. If we consider these conflicting UL assignments are both valid, eNB can have more flexibility on bundling transmission, e.g. eNB can request adaptive retransmissions within a bundle or eNB can stop a bundling transmission before it reaches TTI_BUNDLE_SIZE and start a new one. However, we think the benefit of this optimization does not justify the complexity. Therefore, we propose to consider this is an error case and one of the conflicting UL grants is invalid. Then, the simplest solution is to ignore the UL grant(s) before the transmission.
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Proposal 3: If TTI bundling is configured and an UL grant (not for Msg3) is received, the HARQ entity ignores the UL grant(s) before the firsttransmission corresponding to the UL grant.
2.4. Abnormal adaptive retransmission request
Normally, the adaptive retransmission request shall arrive 4 TTIs before the transmission. However, current spec does not preclude the case that adaptive retransmission requests come after the normal opportunity. As shown in the below figure, if the last HARQ feedback is NACK and an abnormal adaptive retransmission request arrives, do we allow adaptive retransmissions for the corresponding TTIs within the bundle? We believe this is an error case and the adaptive retransmission requests should come exactly at 4 TTI before the transmission, which is the normal opportunity. The latest update of RAN1 also indicates that the adaptive retransmission shall start from the first transmission in the bundle.

For FDD and subframe bundling operation, the UE shall upon detection of a PDCCH with DCI format 0 in subframe n intended for the UE, and/or a PHICH transmission in subframe n-5 intended for the UE, adjust the corresponding first PUSCH transmission in the bundle in subframe n+4 according to the PDCCH and PHICH information.
Therefore, we propose the HARQ entity ignores these abnormal adaptive retransmission requests if received.
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Propose 4: If TTI bundling is configured, the HARQ entity only instructs the HARQ process to generate an adaptive retransmission when the PDCCH UL grant is received at the TTI associated with the first transmission of the bundle.
2.5. Subframe bundling operation procedure
Currently in the spec, we only have below introductory description of the subframe bundling operation in the HARQ entity section. 
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.

Related behaviour was not included in the HARQ entity procedure. We believe it is necessary to capture the behaviour of the subframe bundling operation to the HARQ entity procedure. 
Proposal 5: For the subframe bundling operation, if an UL grant (not for Msg3) is indicated and the associated HARQ process is identified for a TTI, the HARQ entity identifies the same HARQ process for the following TTI_BUNDLE_SIZE-1 TTIs.
2.6. HARQ processes conflict
According to the discussion [3] of RAN2 #64, it was confirmed that “the bundles for a certain UE can be started or scheduled at any uplink subframe”. The latest update of RAN1 [2] also reveals no restriction on the PDCCH and UE shall expect to receive a PDCCH at any subframe. With no restriction on the UL grant, collisions between bundles are possible.

As illustrated in the below figure, a PDCCH UL grant can collide with a non-adaptive retransmission due to a ACK-to-NACK error. For TTI has multiple HARQ process associations, it is unclear which HARQ process shall be identified by the HARQ entity for the TTI(s) (marked by ?). For this example, since it is an error case, we believe the preceding HARQ process, i.e. 3, shall be indentified for the TTI. In other words, the HARQ entity shall prioritize the bundle of an UL grant with PDCCH. We further propose that the even there is no ACK-to-NACK error and the HARQ feedback was NACK, the HARQ entity shall still prioritize the UL grant with PDCCH.
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Since the bundle can start at any TTI, we also have to consider the case that for the same HARQ process a new UL grant starts before the previous non-adaptive retransmission bundle finishes. We propose that the bundle of new transmission has the higher priority. The proposed alternative is illustrated in the below figure. 
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Proposal 6: For the subframe bundling operation, if an UL grant (not for Msg3) is indicated and the associated HARQ process is identified for a TTI, the HARQ entity identifies the same HARQ process for the following TTI_BUNDLE_SIZE-1 TTIs regardless the TTI(s) was already associated with other HARQ process.
2.7. NDI consideration for TTI bundling
Current RAN1 and RAN2 specs have covered how to transmit the bundle (RTT 16ms) and the corresponding PDCCH and PHICH occasions for a bundle. For HARQ operation, a fixed pattern is necessary for NDI comparison; however, we think this pattern shall not limit the PDCCH arrival opportunity as agreed in the previous meetings. Moreover, it shall not trigger non-adaptive retransmission for corresponding HARQ process. In other words, the pattern is only for NDI consideration. The HARQ entity is responsible to identify the corresponding HARQ process and trigger non-adaptive retransmission.

[image: image6.emf]0 0 0 0 1 1 1 1 2 2 2 2 3 3 3 3 0 0 0 0

1 1 1 1

1 1 1 1

1 1 1 1

NACK

16ms

PDCCH PDCCH

NDI reference

No non-adaptive 

retransmission

HARQ 

suspension

New HARQ 

process

HARQ operation


Proposal 7: If TTI bundling is configured, the fixed pattern is only for NDI comparison and does not trigger non-adaptive retransmission for the HARQ process.
3. Conclusion

We urge RAN2 to discussion and make decision on following proposals. Proposed CR for proposal 2, 3, 4, 5, and 6 was submitted in R2-0900138 and attached as Annex.
Proposal 1: Clarify the RTT of non-bundling transmission after TTI bundling is configured and LS RAN1 if necessary.

Proposal 2: If TTI bundling is configured, the HARQ entity only forwards the feedback corresponding to TTI_BUNDLE_SIZE for a bundle and ignores feedbacks corresponding to other TTIs of a bundle.

Proposal 3: If TTI bundling is configured and an UL grant (not for Msg3) is received, the HARQ entity ignores the UL grant(s) before the firsttransmission corresponding to the UL grant.

Propose 4: If TTI bundling is configured, the HARQ entity only instructs the HARQ process to generate an adaptive retransmission when the PDCCH UL grant is received at the TTI associated with the first transmission of the bundle.

Proposal 5: For the subframe bundling operation, if an UL grant (not for Msg3) is indicated and the associated HARQ process is identified for a TTI, the HARQ entity identifies the same HARQ process for the following TTI_BUNDLE_SIZE-1 TTIs.

Proposal 6: For the subframe bundling operation, if an UL grant (not for Msg3) is indicated and the associated HARQ process is identified for a TTI, the HARQ entity identifies the same HARQ process for the following TTI_BUNDLE_SIZE-1 TTIs regardless the TTI(s) was already associated with other HARQ process.
Proposal 7: If TTI bundling is configured, the fixed pattern is only for NDI comparison and does not trigger non-adaptive retransmission for the HARQ process.
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5. Annex: Proposed CR
Proposal 2
Proposal 3
Proposal 4
Proposal 5,6
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. If TTI bundling is configured and an uplink grant was received, the HARQ entity shall ignore uplink grant(s) before the first transmission corresponding to the uplink grant. Within a bundle HARQ retransmissions are non-adaptive only 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 and the feedback(s) for other TTIs of a bundle is ignored. A retransmission of a TTI bundle is also a TTI bundle. An adpative retransmission 
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:

-
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;
-
if TTI bundling is configured, associate the HARQ process to the next TTI_BUNDLE_SIZE-1 TTIs;
-
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:
-
 if TTI bundling is configured and the uplink grant is indicated for the first TTI of the bundle; or
-
if TTI bundling is not configured:
-    deliver the uplink grant and the HARQ informationto the identified HARQ process;

-
instruct the identified HARQ process to generate an adaptive retransmission;
-
if TTI bundling is configured, associate the HARQ process to the next TTI_BUNDLE_SIZE-1 TTIs.
-
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:
When the HARQ entity associates a HARQ process to a TTI, if a TTI is already associated, it replaces the existing association.
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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