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Discussion
1
Introduction
When discussing the feasibility of a measurement gap based approach for IDC, the possible impacts to HARQ operation were raised as a concern. This contribution echoes an analysis already provided in RAN2 last year [5]. 

2
Measurement Gaps
LTE HARQ operation from Rel-8 onwards already takes into account the occurrence of measurement gaps. A measurement gap allows the UE to make inter-frequency and inter-RAT measurements. With the exception of the RACH procedure that always has priority once started, no dedicated TX/RX activity takes place in the serving cell when a measurement gap occurs. A measurement gap is always 6ms long in DL, 7ms long in UL, occurs with a periodicity of 40 or 80 ms and disturbs UL HARQ operation in two different ways:

1)
the HARQ feedback cannot be received; and/or

2)  the UL transmission cannot be made.

In order to cope with those restrictions, MAC includes the following rules [2]:

-
For first transmission and adaptive retransmission: HARQ_FEEDBACK set to NACK always and 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.

-
For HARQ feedback reception: if UL-SCH transmission can be made but there is a measurement gap at the time of the HARQ feedback reception for this transmission the HARQ_FEEDBACK is set to ACK.
-
For HARQ feedback transmission: in a subframe that is part of a measurement gap, the UE shall not perform the transmission of HARQ feedback and CQI/PMI/RI, and SRS shall not be reported.

NOTE:
those rules are the results of a rather extensive analysis performed by RAN2 [3]
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3
Long Gaps and Rel-10
The gaps considered for IDC are summarised in Table 3-1 below. One difference between IDC gaps and measurement gaps is their length: IDC gaps are much longer than measurement gaps. 
Table 3-1: IDC Gaps

	Scenario
	Scheduling period (ms)
	Unscheduled period (ms)

	LTE + BT (multimedia)
	Less than [60]
	Around [15-60]

	LTE + WiFi (portable router)
	No more than [20-60]
	No more than [20-60]

	LTE + WiFi (offload)
	No more than [40-100]
	No more than [40-100]


For HARQ operation, long IDC gaps mean two things:
1)
more than one RTT will be affected;
2)
data needs to be buffered longer.
Regarding the first point, the steps given by HARQ operation are [2]:
-
first transmission or adaptive retransmission is ordered: HARQ_FEEDBACK set to NACK;
-
if the transmission cannot take place:

-
HARQ_FEEDBACK is untouched (NACK);
-
One RTT later, because there is data in the HARQ buffer, the HARQ entity instructs the HARQ process to generate a non-adaptive retransmission, which in turns increments CURRENT_TX_NB by 1 and with an HARQ_FEEDBACK equal to NACK, generates a transmission, which cannot take place due to the occurrence of the gap;
-
As long as the gap lasts, the step above is repeated; …
-
Finally, when the gap ends, a non adaptive retransmission occurs on the first opportunity.
-
else if the transmission can take place but no feedback can be received:
-
HARQ_FEEDBACK is set to ACK;
-
One RTT later, because there is data in the HARQ buffer, the HARQ entity instructs the HARQ process to generate a non-adaptive retransmission, which in turns increments CURRENT_TX_NB by 1 but with an HARQ_FEEDBACK equal to ACK, does not generate a transmission;
-
As long as the gap lasts, the step above is repeated; …
-
Finally, when the gap ends, adaptive retransmissions can resume with an adaptive retransmission.
As for regular measurement gaps, an IDC gap may be followed by a non-adaptive retransmission and CURRENT_TX_NB is incremented by 1 at every RTT during the gap.
Observation 1: non-adaptive retransmission may occur on the first occurrence following an IDC gap.
Observation 2: CURRENT_TX_NB is incremented by 1 at every RTT during an IDC gap.
4
Long Gaps in Rel-11
With respect to the two observations above, when the Rel-8 behaviour was agreed, it was discussed that:

1)
if so desired by the eNB, the non-adaptive retransmission following a measurement gap can always be prohibited by not scheduling the UE prior to the gap.
2)
incrementing CURRENT_TX_NB during measurement gaps provides a consistent behaviour regardless of the occurrence of a gap.
Although a similar behaviour to 1) can be applied to long IDC gaps in Rel-10, the usefulness of having a non-adaptive retransmission occurring after e.g. 60ms is somewhat questionable.
Proposal 1: discuss whether non-adaptive retransmissions after long gaps should always be prohibited.

Also, incrementing CURRENT_TX_NB throughout the length of the gap is likely to trigger HARQ buffer flush. 
Proposal 2: discuss whether a different handling of CURRENT_TX_NB is needed to guarantee that a retransmission can always be scheduled after a long gap.
5
Conclusion
This contribution has analysed the impacts of long IDC gaps on uplink HARQ operation:
Observation 1: non-adaptive retransmission may occur on the first occurrence following an IDC gap.
Observation 2: CURRENT_TX_NB is incremented by 1 at every RTT during the IDC gap.
In order to be able to cope with long gaps, two proposals were made:
Proposal 1: discuss whether non-adaptive retransmissions after long gaps should always be prohibited.

Proposal 2: discuss whether a different handling of CURRENT_TX_NB is needed to guarantee that a retransmission can always be scheduled after a long gap.

Annex A gives an example of how the changes to 36.321 would like like if it were agreed to prohibit non-adaptive retransmissions after an IDC gap and to not increment CURRENT_TX_NB during an IDC gap.
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Annex A
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 are performed on the resource and with the MCS indicated on PDCCH or Random Access Response. Adaptive retransmissions are performed on the resource and, if provided, with the MCS indicated on PDCCH. 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 Msg3 HARQ transmissions by RRC: maxHARQ-Tx and maxHARQ-Msg3Tx respectively. For transmissions on all HARQ processes and all logical channels except for transmission of a MAC PDU stored in the Msg3 buffer, the maximum number of transmissions shall be set to maxHARQ-Tx. For transmission of a MAC PDU stored in the Msg3 buffer, the maximum number of transmissions shall be set to maxHARQ-Msg3Tx.

When the HARQ feedback is received for this TB, the HARQ process shall:

-
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:

-
if there is no IDC gap at the time of the transmission:

-
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:

-
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 the MAC PDU was obtained from the Msg3 buffer; or

-
if there is no measurement gap nor IDC gap at the time of the transmission and, in case of retransmission, the retransmission does not collide with a transmission for a MAC PDU obtained from the Msg3 buffer in this TTI:

-
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 or IDC at the time of the HARQ 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 HARQ feedback reception for this transmission.
-
if there is an IDC gap at the time of the transmission:

-
set HARQ_FEEDBACK to ACK at the time of the HARQ feedback reception for this transmission;
After performing above actions, the HARQ process then shall:

-
if CURRENT_TX_NB = maximum number of transmissions – 1:

-
flush the HARQ buffer;

