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1
Introduction
Based on R2-086080, it was agreed at RAN2#64 to start an email discussion on TTI bundling to check if the past agreements were still correctly reflected given the CRs that were agreed to fix UL HARQ operation (R2-086143, R2-087018, R2-08719, R2-087035) This contribution summarises the email discussion that took place on the RAN2 reflector between the 28th of November and the 5th of January.

2
Agreements
The main aspects of TTI bundling were first agreed at RAN2#62 meeting [R2-082859] and later refined at RAN2#62bis meeting [R2-083726]. The first agreements on HARQ feedback location and interaction with measurement gaps for FDD were captured as follows in the minutes of RAN2#62bis meeting: “location of feedback is associated to last intended TTI of a bundle (i.e. not the last actual transmission in the case of bundle overlapping with a gap). This agreement does not prevent us in future to discuss the issue whether the whole bundle is cancelled by UE or it is partially cancelled when a clash with a gap occurs.” The corresponding CR was agreed in R2-083724. 
At RAN2#63 meeting, the agreement was then extended to TDD [R2-083888] and the interaction with measurement gaps was clarified further with the agreement on proposals 9, 10 and 11 from R2-083867:
-
End of bundle collides with a measurement gap:
-
Transmit part of bundle that does not overlap with gap (the beginning);

-

Cancel the part that overlaps (the end);

-
If the HARQ feedback for the bundle can be received use it otherwise, consider it as ACK (=suspend).

-
Beginning of bundle collides with a measurement gap:

-
Transmit part of bundle that does not overlap with gap (the end);

-
Cancel the part that overlaps (the beginning);

-
Behave according to received HARQ feedback.

-
Whole bundle collides with a measurement gap:

-

Cancel all the transmissions of the bundle;

-
Consider that NAK is received for this bundle.

The corresponding CR was agreed in R2-084875. In short, when a measurement gap collides with the feedback of a bundle, an ACK is used as soon as one transmission of the bundle goes through.
3
Specification
When bundling is used, the HARQ entity invokes the HARQ process TTI-Bundle-Size times [R2-083107]. A typical sequence for TTI bundling is as follows:
TTI#0

a new transmission takes place (PDCCH received or SPS configured);

TTI#1-3
the HARQ entity keeps on checking the same HARQ process and since the buffer is not empty it generates non-adaptive retransmissions as long as the same HARQ process is invoked;

TTI#4

after the bundle, the HARQ entity moves to next HARQ process…

TTI#16
after one RTT, the HARQ entity again checks the original HARQ process and depending on whether
 PDCCH is received or not generates an adaptive or non-adaptive retransmission.

Retransmissions within a bundle (TTI#1-3 above) are managed by the following text in MAC (see Annex A):
-
else if the HARQ entity requests a non-adaptive retransmission:

-
if HARQ_FEEDBACK = NACK; or

-
if TTI bundling is configured and CURRENT_TX_NB is less than TTI_BUNDLE_SIZE:

-
generate a transmission as described below.

Since for all retransmissions (adaptive and non-adaptive), the HARQ_FEEDBACK is always equal to NACK, the first condition (if HARQ_FEEDBACK = NACK) ensures that the non-adaptive retransmission within the retransmission of a bundle can take place. The second condition (if TTI bundling is configured and CURRENT_TX_NB is less than TTI_BUNDLE_SIZE) ensures the non-adaptive retransmission within the first transmission of a bundle can take place as there is typically no feedback to look at.
4
Issues
4.1
First Transmission

In order to cope both with the possible occurrence of measurement gaps and PHICH errors, it was agreed that whenever the HARQ entity requests a new transmission, the HARQ_FEEDBACK is set to NACK [R2-087018]. This means that the second condition listed above is not required anymore: even for the first transmission of a bundle, the value of the HARQ_FEEDBACK can be used to generate non-adaptive retransmissions within the bundle.
Issue 1: the condition “if TTI bundling is configured and CURRENT_TX_NB is less than TTI_BUNDLE_SIZE” is not needed to trigger non-adaptive retransmissions within the first transmission of a bundle.

The solution to this first issue is rather straightforward:
Proposal 1: remove the condition “if TTI bundling is configured and CURRENT_TX_NB is less than TTI_BUNDLE_SIZE” from the triggering of non-adaptive retransmissions.
4.2
Measurement Gaps

When a measurement gap collides with an HARQ feedback, the HARQ_FEEDBACK is set to ACK. When TTI bundling is used, this correctly captures the agreement on having an ACK used as soon as one remission of the bundle goes through. Unfortunately, since the HARQ_FEEDBACK is also used to trigger non-adaptive retransmissions within every bundle, when the occurrence of a measurement gap forces it to ACK at the beginning of a bundle, the rest of the bundle cannot be transmitted. An example is given on Figure 1 below: at point A, the HARQ_FEEDBACK is set to ACK and as a result transmissions B, C and D cannot follow.
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Figure 1: TTI bundling and Measurement Gap
Issue 2: when a measurement gap occults the HARQ feedback of a bundle, only the first transmission of the bundle takes place.

Here again the solution is rather straightforward:

Proposal 2: clarify that when a measurement gap occults the HARQ feedback, the HARQ_FEEDBACK is set to ACK at the time of the feedback reception only.

The corresponding change to 36.321 is:

-
if there is a measurement gap at the time of the feedback reception for this transmission and if the MAC PDU was not obtained from the Msg3 buffer:
-
set HARQ_FEEDBACK to ACK at the time of the feedback reception for this transmission.

Discussion:
-
Samsung agreed with the intention but was not sure whether this needs to be captured in the specification. According to Samsung, proposal 2 is based on the assumption that UE makes decision on HARQ_FEEDBACK setting as soon as the associated transmission is initiated. In Samsung’s understanding HARQ_FEEDBACK setting should be done after the associated transmission has been completed, or at least that it should be read as such in the specification and that is something that a smart UE implementation should be able to handle.
-
Huawei shared the same understanding as Samsung’s i.e. that HARQ_FEEDBACK setting should be done after the associated transmission has been completed. In addition Huawei pointed out that we already have a sentence in MAC specification “Within a bundle HARQ retransmissions are non-adaptive and shall be performed without waiting for feedback from previous transmissions according to TTI_BUNDLE_SIZE”. Thus, Huawei believes that no more specification text needed and UE can ignore the HARQ_FEEDBACK setting before the non-adaptive retransmission has been completed.

-
HTC pointed out that in their understanding the existing text is clear on two aspects: 1) the feedback of a bundle comes for the last TTI of the bundle (”the feedback for a bundle is only received for the TTI corresponding to TTI_BUNDLE_SIZE”); and 2) non-adaptive retransmissions shall not wait for the feedback (“within a bundle HARQ retransmissions are non-adaptive and shall be performed without waiting for feedback from previous transmissions according to TTI_BUNDLE_SIZE.”). With these understandings, HTC believes that a decent implementation should be able to only set HARQ_FEEDBACK to ACK after the bundle is completed and the timing is not necessarily the “time of the feedback reception for this transmission”. In addition a smarter implementation could even set HARQ_FEEDBACK to ACK sooner as long as it guarantees the bundle would be completely transmitted. Therefore, HTC thinks that this proposal limits the possibility of smart design.
-
NSN commented that the issue here is that the pseudo code of the HARQ process describes a behaviour that contradicts the introductory text of the HARQ entity. If the pseudo-code is not aligned to the introductory text, it remains unclear which subclause has precedence.

-
ASUSTek remarked that an alternative to proposal 2 would be to generate a transmission if TTI bundling is configured and the first transmission of the current bundle (i.e. the transmission corresponding to a transmission number equal to 4*FLOOR (CURRENT_TX_NB/4) has been generated by the HARQ process.
4.3
Companies Position
The table below summarises the different companies’ position.

	Issue
	Is the issue valid?

	
	No
	Yes and the solution is

	1) the condition “if TTI bundling is configured and CURRENT_TX_NB is less than TTI_BUNDLE_SIZE” is not needed to trigger non-adaptive retransmissions within the first transmission of a bundle.
	
	To remove the condition “if TTI bundling is configured and CURRENT_TX_NB is less than TTI_BUNDLE_SIZE” from the triggering of non-adaptive retransmissions.
ASUSTek, Ericsson, ITRI, LG Electronics Inc., HTC Corporation, Huawei, Nokia Corporation, Nokia Siemens Networks, Panasonic, Samsung, Sunplus mMobile Inc.

	2) when a measurement gap occults the HARQ feedback of a bundle, only the first transmission of the bundle takes place.
	HTC Corporation, Huawei
	clarify that when a measurement gap occults the HARQ feedback, the HARQ_FEEDBACK is set to ACK at the time of the feedback reception only :
ASUSTek, Ericsson, ITRI, LG Electronics Inc., Nokia Corporation, Nokia Siemens Networks, Samsung, Panasonic, Sunplus mMobile Inc.
generate a transmission if TTI bundling is configured and the first transmission of the current bundle (i.e. the transmission corresponding to a transmission number equal to 4*FLOOR (CURRENT_TX_NB/4) has been generated by the HARQ process :
ASUSTek


5
Conclusion
From the email discussion summary captured in section 4.3 above, we can observe that there is a general agreement that issues 1 and 2 need to be solved by firstly removing the condition “if TTI bundling is configured and CURRENT_TX_NB is less than TTI_BUNDLE_SIZE” from the triggers of non-adaptive retransmissions and secondly by clarifying that when a measurement gap occults the HARQ feedback, the HARQ_FEEDBACK is set to ACK at the time of the feedback reception only.
A corresponding CR to 36.321 is proposed in R2-090146.
Annex A: 36.321
5.4.2.2
HARQ process

Each HARQ process is associated with a HARQ buffer.

Each HARQ process shall maintain a state variable CURRENT_TX_NB, which indicates the number of transmissions that have taken place for the MAC PDU currently in the buffer, and a state variable HARQ_FEEDBACK, which indicates the HARQ feedback for the MAC PDU currently in the buffer. When the HARQ process is established, CURRENT_TX_NB shall be initialized to 0.

The sequence of redundancy versions is 0, 2, 3, 1. The variable CURRENT_IRV is an index into the sequence of redundancy versions. This variable is up-dated modulo 4.

New transmissions and adaptive retransmissions are performed on the resource and with the MCS indicated on PDCCH, except for new transmissions of Msg3 which are performed according to UL grant in Random Access Response. Non-adaptive retransmission is performed on the same resource and with the same MCS as was used for the last made transmission attempt,
The UE is configured with a Maximum number of HARQ transmissions and a Maximum number of Message3 HARQ transmissions by RRC. For transmissions on all HARQ processes and all logical channels except for transmission of a MAC PDU stored in the [Message3] buffer, maximum number of transmissions shall be set to Maximum number of HARQ transmissions. For transmission of a MAC PDU stored in the [Message3] buffer, maximum number of transmissions shall be set to Maximum number of Message3 HARQ transmissions.

When the HARQ feedback is received for this HARQ process:

-
set HARQ_FEEDBACK to the received value.

If the HARQ entity requests a new transmission, the HARQ process shall:

-
set CURRENT_TX_NB to 0; 

-
set CURRENT_IRV to 0;

-
store the MAC PDU in the associated HARQ buffer;

-
store the uplink grant received from the HARQ entity;

-
set HARQ_FEEDBACK to NACK;

-
generate a transmission as described below.

If the HARQ entity requests a retransmission, the HARQ process shall:

-
increment CURRENT_TX_NB by 1;

-
if the HARQ entity requests an adaptive retransmission:

-
store the uplink grant received from the HARQ entity;

-
set CURRENT_IRV to the index corresponding to the redundancy version value provided in the HARQ information;

-
set HARQ_FEEDBACK to NACK;

-
generate a transmission as described below.

-
else if the HARQ entity requests a non-adaptive retransmission:

-
if HARQ_FEEDBACK = NACK; or

-
if TTI bundling is configured and CURRENT_TX_NB is less than TTI_BUNDLE_SIZE:

-
generate a transmission as described below.

NOTE:
When receiving a HARQ ACK alone, the UE keeps the data in the HARQ buffer.

NOTE:
When no UL-SCH transmission can be made due to the occurrence of a measurement gap, no HARQ feedback can be received and a non-adaptive retransmission follows.

To generate a transmission, the HARQ process shall:

-
if there is no measurement gap at the time of the transmission or if the MAC PDU was obtained from the Msg3 buffer:

-
instruct the physical layer to generate a transmission according to the stored uplink grant with the redundancy version corresponding to the CURRENT_IRV value;

-
increment CURRENT_IRV by 1;

-
if there is a measurement gap at the time of the feedback reception for this transmission and if the MAC PDU was not obtained from the Msg3 buffer:
-
set HARQ_FEEDBACK to ACK.

The HARQ process shall:

-
if CURRENT_TX_NB = maximum number of transmissions - 1:

-
flush the HARQ buffer;

The HARQ process may:

-
if CURRENT_TX_NB = maximum number of transmissions - 1; and

-
if the last feedback received (i.e., the feedback received for the last transmission of this process) is a HARQ NACK except for the transmission of a MAC PDU stored in the [Message3] buffer:

-
notify the relevant ARQ entities in the upper layer that the transmission of the corresponding RLC PDUs failed.
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