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1
Introduction

After discussion of R2-090390 and offline discussion during RAN2 #64bis, it was agreed to start an email discussion on TTI bundling to reach a common understanding of how HARQ works for TTI bundling and to check if anything is needed for MAC specification to further clarify this issue. This contribution summarises the email discussion that took place on the RAN2 reflector between the 20th of January and the 30th of January.
2
Discussion
2.1
Dynamic pattern
Based on current MAC specification, “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.” Dynamic scheduling for TTI bundling is possible, which means PDCCH can be schedule at any time and there are always 4 transmissions for each bundle. The HARQ process pattern would be dynamic according to the timing of the received PDCCH. The eNB can schedule the UE at any time as long as there’s 4 TTIs available. But there are still 2 issues to be further clarified as discussed in the detail below.
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Figure 1 Dynamic Scheduling

Issue D1: ignore PDCCH? 

Firstly, whether a PDCCH received within a bundle which is started by NACK on PHICH should be ignored?
Because a PDCCH received within the bundle is not intended for the same HARQ process as commented during the meeting and it should not be regarded as trying to give UL grant for the on-going bundle for adaptive retransmission, but rather an UL grant for new transmission of another TB. The current text “Within a bundle HARQ retransmissions are non-adaptive and shall be performed without waiting for feedback from previous transmission according to TTI_BUNDLE_SIZE” does not verify the argument of ignoring PDCCH because the retransmission within the bundle can only be non-adaptive.

If the UE ignores PDCCH but continue non-adaptive retransmission, it will probably continue with “NACK” and perform non-adaptive retransmission (as shown in Figure 1) until maximum retransmissions number reached, which would cause interference to other UEs.

Therefore, to support dynamic scheduling, it’s more reasonable for the UE to follow the PDCCH and take the NACK as ACK->NACK error and stop the transmission of the bundle because PDCCH has higher reliability than PHICH, which is also aligned with the non-bundling case that PDCCH takes precedence of PHICH.

Secondly, whether PDCCH received within a bundle started by another PDCCH received previously should be ignored?
This only happens in case of either the first or the latter PDCCH is false positive detection because eNB should not schedule the UE twice within a bundle. The possibility of the scenario is very rare (the false positive has to happen during the specific timing) and the impact is temporarily, from the performance’s point of view, there’s no big difference between ignoring it or not. For implementation simplicity, same rule should be applied.

Issue D2: collision of 2 bundles
According to the agreement that PDCCH takes precedence of PHICH, which means UE does not ignore PDCCH at least for the case of the bundle started by NACK on PHICH only, UE’s behaviour when collision of 2 bundles occurs needs to be further discussed.

As shown in figure 1, a received UL grant does not align with the RTT of the on going one (say process #0). If process #0 is ACKed, regardless of which HARQ process, the UE will identify for the new transmission scheduled by the UL grant. It should be one of the total 4 HARQ processes so that UE only maintains 4 HARQ processes and the timing relation as PHY specification specified. It also simplifies the timing maintenance of the suspended transmissions and the started transmissions which will affect the HARQ operation in both non-DRX and DRX mode. 
Therefore, given the example above, it is reasonable to clarify that whether the transmission of the TB for process #0 has been completed. And if process #0 is NACKed (could be an ACK->NACK error), it needs to be clarified what the UE will do with the started non-adaptive retransmission? It should be aborted and considered as transmission completed if PDCCH takes precedence of PHICH.
Considering current specification and previous agreements, here provides a simple solution for dynamic scheduling:

Solution 1: Always follow PDCCH. If a received UL grant doesn’t align with RTT of any on-going HARQ processes, it should be identified as for new transmission and start a new HARQ process. The transmission of the impacted HARQ process should be regarded as completed and the buffer should be flushed.
2.2
Fixed pattern

Dynamic pattern is complex for eNB scheduling and for UE implementation, and there might be some other risk of error cases not addressed yet. Furthermore, whether such flexibility is really needed regarding to scheduling complexity is still under consideration. So here fixed pattern allocation is provided as solution which has also been proposed during the RAN2 #64bis meeting.
With fixed pattern, as long as the pattern is started, the HARQ process usage will be like 00001111222233330000…. Still some issues need to be further discussed.
Issue F1: ignore PDCCH?

As there should be always 4 transmissions for each bundle and the pattern is fixed, the case of receiving PDCCH not aligned with the pattern is an error case, hence the UE should ignore PDCCH not aligned with the pattern.
Issue F2: How pattern is started?

3 alternatives were raised up during the discussion of last meeting:
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Figure 2 Fixed pattern
Alt 1: the pattern is started according to the timing of the first UL grant received after TTI bundling is configured similar to Semi-persistent scheduling and would not change unless is reconfigured or disabled.

Alt 2: the pattern is started according to the timing of UL grant received, but the pattern will not exist if the buffer for all HARQ processes are empty and a new pattern can be restarted at any time.
Alt 3: the pattern is fixed linked to SFN with an offset configured by RRC when TTI bundling is configured.

For alt 1, the impact of false positive would be disastrous because as long as the pattern started, all the intended PDCCH will be ignored, which is conflict with the intention of robust to introduce fixed pattern.
For alt 2, some problem as alt 1 about the false positive detection of PDCCH though it would not last long. And it’s complex for UE implementation to keep on checking whether the received UL grant should be a new starting point of the pattern. Furthermore, it’s not likely all the HARQ process will end retransmission at the same time, the possibility of adjusting the pattern is quite low.
For alt 3, the pattern is fixed after TTI bundling configuration with an offset to introduce some flexibility, and it’s simplest and the most robust. Therefore solution 2 is proposed based on alt 3.
Solution 2: The pattern for TTI bundling is fixed after TTI bundling configuration. It’s linked to SFN with an offset (0~3) configured by RRC. PDCCH received not align with the pattern should be ignored.
A TP for solution 2 is provided in the Annex A same as R2-090724 proposed during last meeting. 
2.3
Companies’ opinion
Dynamic pattern:

Support companies: HTC, Samsung, CATT, NTT DOCOMO Inc., Nokia, Nokia Siemens Network, Alcatel-Lucent, Motorola, Ericsson, NEC, ASUSTek, Qualcomm, Sunplus mMobile Inc.
Issue D1, D2: ignore PDCCH? Collision of 2 bundles?
Conclusion: majority’s preference is always follow PDCCH and cancel the impacted bundle.
Other issues discussed during the email discussion:

Issue D3: if collision happens, whether all the buffers are flushed or only the impacted one?

Conclusion: Only the impacted one should be flushed.

Issue D4: if the impacted HARQ process is ACKed, should the buffer be flushed?

Conclusion: if it’s ACKed, the buffer should also be flushed.

Issue D5: process identification for UL grant which does not align with any on-going HARQ process?
-
Ericsson commented that a subframe one RTT after a subframe for which a transmission was made (supposed to be made) is associated with the same HARQ process as the subframe one RTT before. If a grant is received for a transmission in such a subframe, the grant pertains to that same process.
-
Sunplus mMobile responded that the L1 specification only specified the timing relationship among PDCCH/PHICH/PUSCH of one HARQ process, there’s no limitation of identify the UL grant which does not align with the timing as for any free HARQ process. This is also Samsung’s understanding. 
Conclusion: UL grant which does not align with any on-going HARQ process could be identified as any “free” process. 
Issue D6: NDI comparing for the UL grant not align with any on-going process?
· Samsung’s understanding is: when PDCCH is received, the PDCCH will be linked to the one of 16 HARQ processes according to HARQ process id = (SFN * 10 + subframe number) MOD (16) (of course only 4 HARQ processes will be used at most simultaneously). If the HARQ process is already taken into use (i.e. PDCCH is aligned with the existing HARQ process), there is no issue. If the HARQ process is not taken into account, Samsung think this is the case that there is no previous NDI because no UE implementation will maintain 16 NDIs but only 4 NDIs. UE will anyway flush the HARQ information when it flushes corresponding HARQ buffer due to collision.  

· Sunplus mMobile responded that current PHY spec there's only 4 HARQ processes and only 4 NDIs. For the UL grant not align with any on-going processes, according to MAC spec, the UE should be firstly identified as one of the 4 HARQ processes, then compare the NDI or additinal rule to just consider it as new transmission without comparing NDI. Besides, there's no terminology for HARQ process flushing. When talking about flush, my assumption is that only the buffer of the corresponding HARQ process is flushed but not related to HARQ information. If we can make this clear that also the HARQ information is "flushed", Sunplus is also fine with it.
· Samsung assumed general consensus is that if you receive UL grant and if HARQ process for the UL grant is empty it is for new transmission. This issue has been brought up several times, and the reason that it is not captured in the spec is because there is no other choice for the UE but to consider it as a new transmission. 
· Sunplus mMobile responded that the reason of there's no special rule needed is because UE could anyway compare the NDI since there's no ambiguity for non-bundling case. While for bundling, if it's possible for the UE to identify it as any free process, NDI comparing can't work.
Conclusion: UL grant which does not align with any on-going HARQ process should be considered as for new transmission? But further discussion is still needed on whether something is needed to the MAC spec.
Issue D7: rely on eNB implementation to handle the false detection, ACK->NACK issue?

· NSN/Samsung/LG pointed out smart eNB implementation could handle the false detection and ACK->NACK issue, e.g. by “shift” the grant only after maximum retransmission number of the process reached. And the possibility of the error is very rare. They would like to have a NOTE of “when a grant is received causing bundles of different processes to collide, UE behavior is unspecified”.
· Sunplus mMobile replied that the NOTE would restrict eNB scheduling flexibility. 
Conclusion: Further discussion is needed for whether we would go the way of having a NOTE without anything else.
Proposed Solutions:

Solution 1: Always follow PDCCH. If a received UL grant doesn’t align with RTT of any on-going HARQ processes, it should be identified as for new transmission and start a new HARQ process. The transmission of the impacted HARQ process should be regarded as completed and the buffer should be flushed.
Support companies: CATT, NTT DOCOMO Inc., ASUSTek, Alcatel-Lucent, NEC, Qualcomm, Sunplus mMobile Inc., HTC
Other solutions:
Solution 1b: (a) Ignore the PDCCH corresponding to TTs within a bundle started by a PDCCH; (b) For conflicting bundles due to PDCCH and PHICH, cancel the PHICH bundle and follow the PDCCH.
Support companies: HTC (after the discussion, HTC support solution 1, so solution 1b can be skipped.)
Solution 1c: nothing is needed
Support companies: Ericsson

Solution 1d: assume eNB will use fixed pattern and left it for UE implementation if the eNB does not follow fixed pattern. Some note can be added to the spec, e.g. “when a grant is received causing bundles of different processes to collide, UE behavior is unspecified”
Support companies: NSN, LG, Samsung, (Qualcomm)
Fixed pattern:
Support companies: 
Companies’ opinion on Issue F1, F2
Solution 2: The pattern for TTI bundling is fixed after TTI bundling configuration. It’s linked to SFN with an offset (0~3) configured by RRC. PDCCH received not align with the pattern should be ignored. 
3
Conclusion
Majority companies’ preference is dynamic pattern with solution 1 to clarify in MAC specification that the buffer of the impacted process should be flushed, and the UL grant which does not align with any on-going HARQ processes should be regarded as for new transmission (TP for solution 1 is provided in Annex B). However, after the deadline of the discussion, solution 1d (with TP in Annex C) is proposed and some companies show sympathy of it, it is proposed to further discuss and decide in the meeting which way we would go.
Annex A: TP for 36.321 on fixed pattern HARQ for TTI bundling
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, 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 as floor ( ( [ SFN * N + k + n0] modulo (B * the number of parallel HARQ processes + m) ) / B) 
where N is the total number of UL subframes contained within a frame. k is the index of subframe or UL subframe in a frame. B is the TTI bundling size. m is an offset to compensate the unused UL subframes for TDD configuration 0.  n0 (with range 0~3) is the subframe offset configured by upper layer.
If TTI bundling is configured, B = 4; otherwise, B = 1. 

For FDD, N = 10, k = the index of subframe in a frame, and m = 0. 

For TDD, N is according to Table 4.2 -2 in [7], and k = the index of UL subframe in a frame (i.e., 0 for the 1 st UL subframe, 1 for the 2 nd UL subframe within a frame) 

For TDD with configurations 1 and 6, m = 0. 

For TDD with configuration 0, if TTI bunding is not configured, m=0; if TTI bundling is configured, m = 2, and if the identified HARQ process ID is 3, the HARQ process ID is invalid and the UE shall not perform any PUSCH transmission in this TTI;
-
if an uplink grant addressed to Temporary C-RNTI has been indicated for this TTI; or 
-
if an uplink grant addressed to C-RNTI or Semi-Persistent Scheduling C-RNTI has been indicated for this TTI and ( [ SFN * N + k + n0] modulo (B * the number of parallel HARQ processes + m) ) modulo B = 0:
-
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 an ongoing Random Access procedure and there is a  MAC PDU in the [Message3] buffer:

-
obtain the MAC PDU to transmit from the [Message3] 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.
Annex B: TP for 36.321 on dynamic pattern HARQ for TTI bundling (solution 1)
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, 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. If an UL grant received or configured causes TTI bundle transmission to collide with any TTI bundle transmissions of any other HARQ processes, the UE shall flush the HARQ buffers associated with these HARQ processes, consider the next transmission for these processes as the very first transmission, and not transmit the colliding part of the TTI bundle for these HARQ processes. 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:

-
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.

Annex C: TP for 36.321 on dynamic pattern HARQ for TTI bundling (solution 1d)
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:

-
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.
NOTE:
when a grant is received causing bundles of different processes to collide, UE behavior is unspecified
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