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1
Introduction
Based on [1] & [2], the RAN2#63bis meeting agreed on starting an email discussion on the interaction of uplink HARQ operation and measurement gaps. This contribution summarises the email discussion that took place on the RAN2 reflector between the 7th and 31st of October. 
2
Status
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 when 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 [3], occurs with a periodicity of 40 or 80 ms [4] 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.
These two cases are respectively handled by the following two rules [5]:
1)
when it cannot be received, the HARQ feedback is set to ACK;
2)
always refer to the last received HARQ feedback so that when there is no HARQ feedback to be received because there was no transmission, the earlier one is used.
Figure 1 below depicts how a measurement gap can disturb UL HARQ operation at point C. There are 7 different cases to consider where the two rules apply:

1)
Transmission B takes place but the HARQ feedback cannot be received at point 1. The first rule applies and the HARQ feedback of transmission B is set to ACK. Nothing can be sent at point C, data is kept in the retransmission buffer, and may be retransmitted after one HARQ RTT if so ordered by PDCCH.
2-3)
Transmission B cannot take place, the second rule applies and the previous HARQ feedback is used: the HARQ feedback of transmission A at point 0. If a NACK was sent for transmission A, a non-adaptive retransmission occurs at C, if an ACK was sent for transmission A, nothing can be sent at C but data is kept in the retransmission buffer.

4-5)
Transmission B cannot take place, the second rule applies and the previous HARQ feedback is used: the HARQ feedback of transmission A at point 0. If a NACK was sent for transmission A, a non-adaptive retransmission occurs at C, unless a PDCCH is sent after the gap at point 1. If an ACK was sent for transmission A, UE follows PDCCH sent at point 1, i.e., either retransmits or transmits new data.
6-8)
Transmission B cannot take place, the second rule applies and the previous HARQ feedback is used: the HARQ feedback of transmission A at point 0. But since the very same measurement gap also occulted that HARQ feedback at point 0, an ACK is used for transmission C. Since an ACK is considered for transmission A, UE follows PDCCH sent at point 1, i.e., either retransmits or transmits new data at C.
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Figure 1: Measurement Gaps Affecting UL HARQ operation
3
Issues

3.1
First Issue
The first issue is that the current text forbids the processing of a PDCCH when a measurement gap occults the corresponding (re)transmission. As a result, any non-adaptive retransmission following such a PDCCH will not be made correctly. This affects cases 2, 3, 4 and 5 above where a non-adaptive retransmission after the measurement gap wrongly ignores any PDCCH received at point 0.
Issue 1: a PDCCH ordering a (re)transmission colliding with a measurement gap is ignored.
The solution to this is straightforward and believed to be inline with the original intention:

Solution 1: a PDCCH is never ignored.
Discussion:

-
Samsung mentioned that – in their understanding – the proposed solution is already captured in the specification. NSN and Sunplus clarified that the condition “if there is no measurement gap at the time of the retransmission” precludes the processing of the PDCCH and Samsung agreed.
-
NTT DoCoMo remarked that issues/solutions 1 and 3 seem to address the exact same issue/solution (the only difference is the angle from which the issue is viewed at).

3.2
Second Issue
The second issue is that PHICH errors in combination with PDCCH are made visible. As already captured in the Stage 2 [6], a PDCCH always takes precedence over PHICH and whenever a PDCCH is correctly received, an ACK can be assumed on PHICH. This affects cases 2, 3, 4 and 5 where a non-adaptive retransmission could be erroneously triggered after the measurement gap.
Issue 2: when a PDCCH is received, the HARQ feedback is not considered as ACK always.

Here again, the solution is straightforward and inline with what has been agreed earlier:

Solution 2: the HARQ feedback is set to ACK whenever a PDCCH is correctly received.
Discussion:

-
Samsung commented that we do not need to set HARQ feedback to ACK because anyway UE will first check the PDCCH and obey to it regardless of whether the feedback is NACK or ACK. NSN replied that if there is no PDCCH received and the "last received feedback for this HARQ process" is used after a measurement gap, an erroneous PHICH may be used - in contradiction with what has been agreed.
-
Sunplus and NTT DoCoMo mentioned that if we set the HARQ feedback to NACK as proposed in solution 3, this issue become irrelevant. NSN replied that in their view this is an optimisation of the pseudo-code and in general NSN believes that the pseudo-code should not be optimised at the expense of clarity. Optimisations should remain an implementation issue.
-
Sunplus clarified that if solution 3 were not agreeable, the feedback should be set to NACK when PDCCH is received to ensure that a retransmission can occur at point C.
-
Ericsson agreed that PHICH errors in combination with PDCCH are currently visible, and that this should be addressed somehow. However, Ericsson also pointed out that it is unclear to them why the description of the issue only focuses on the HARQ feedback not being “considered as ACK always”? In Ericsson’s view the HARQ feedback could be set to NACK when PDCCH is correctly received because - as pointed out by Samsung - the UE anyway acts on PDCCH and not on the PHICH. Ericsson believes that there is no strong motivation to set it to ACK in that case; setting it to NACK ensures that the UE performs a non-adaptive retransmission at point C for cases 2-5. NSN agreed that when a transmission takes place and the corresponding feedback can be received, the "forced" NACK will be replaced by the content of the PHICH (if no PDCCH is received). Thus, solution 3 could indeed be generalized to the case where no measurement gaps interfere. However, NSN also believes that the specification will not gain in clarity.
-
Panasonic commented that the UE behaviour at point C for the cases 2-5 does not depend on how you set the HARQ feedback at point 0 and that it was questionable whether the specification would gain in clarity with the solution 2.

-
Qualcomm suggested that in their view the problem is a side effect of the change of the specification in Kansas City where it was proposed to change “last feedback is not ACK” to “last feedback is NACK” for editorial reasons (see discussion related to R2-082767 in R2-082859). No such problem would exist if the condition for suspension was reverted to “last feedback is not ACK”. Qualcomm would therefore prefer reverting to original wording. NSN replied that changing the condition “is NACK” to “is not ACK” could help to cover the case where no feedback has been received (although it is questionable whether it makes it clearer), but it does not help for the case where an error on PHICH occurs.

-
LGE asked if a more correct interpretation of what is captured in the stage 2 would be that A) when a PDCCH for an initial transmission is received, the HARQ feedback is set to ACK; and B) when a PDCCH for a retransmission is received, the HARQ feedback is set to NACK. In any case, LGE also believes that in case of measurement gap, the value to which we force the HARQ feedback when receiving a PDCCH does not really matter since a NACK is forced as per solution 3.
3.3
Third Issue
The third issue is that a non-adaptive retransmission cannot follow a first transmission or adaptive retransmission colliding with a measurement gap. This affects cases 2, 3, 4 and 5 where a non-adaptive retransmission cannot take place after receiving a PDCCH at point 0.
Issue 3: a non-adaptive retransmission cannot follow a first transmission or adaptive retransmission colliding with a measurement gap.

The solution to this problem is that whenever a measurement gap occults a (re)transmission, the HARQ feedback is set to NACK [1] [2].

Solution 3: whenever a measurement gap occults a (re)transmission, the HARQ feedback is set to NACK.
Discussion:

-
Ericsson agreed that currently the last feedback is not clear for the first transmission and pointed out that this could be resolved by setting last feedback to NACK when successfully decoding PDCCH (as per issue 2).
-
Qualcomm commented that changing “last feedback is NACK” to “last feedback is not ACK” would take care of the issue. NSN pointed out that unless it is made quite clear that “last feedback is not ACK” also covers the case where nothing has been received, such a wording should be avoided.
3.4 Fourth Issue

The fourth issue, which was not listed in [1] [2] but mentioned during offline discussions at RAN2#63bis, concerns cases 2 and 3 where both the (re)transmission and the HARQ feedback / PDCCH occasion are occulted by a measurement gap at point B and 1 respectively. In that case, the only way for the eNB to prevent a non-adaptive retransmission at point C is to send an ACK alone at point 0. However this requires the scheduler to “see” two RTTs in advance and was felt as a possible complexity increase for the eNB scheduler.
Issue 4: eNB processing to avoid a non-adaptive retransmission when both the (re)transmission and HARQ feedback collide with a measurement gap.
One solution, would be to set the HARQ_FEEDBACK set to ACK whenever a measurement gap occults a (re)transmission and corresponding HARQ feedback / PDCCH occasion.
Solution 4: whenever a measurement gap occults a (re)transmission and corresponding HARQ feedback / PDCCH occasion, the HARQ feedback is forced to ACK.

Discussion:
-
Nokia and NSN believe that an ACK can be sent at point 0 to avoid this issue.

-
Samsung thinks that this is a corner case which does not justify a separate handling and wonders what is wrong with the HARQ feedback assumed to NACK in such case since eNB can anyway avoid allocating the suspended RB to other UE.
-
Sunplus pointed out that there are 2 previous agreements which could apply: (1) collided feedback regarded as ACK or (2) feedback for cancelled transmission regarded as NACK. The first one would ease eNB scheduling while the second one would minimize the impact of measurement gap on UL transmission delay (if it were forced to ACK there would be 3 RTTs delay because of measurement gap). However Sunplus has no strong opinion, and either way is fine for Sunplus.
-
NTT DoCoMo first commented that they fully agree with the issue/concern that is illustrated and that in order to make eNB scheduling simple, it would be better for the eNB not have to see two RTTs beforehand in order to avoid collision e.g. with RACH. Later NTT DoCoMo agreed that sending an ACK alone to avoid this issue is a viable alternative to Solution 4.
-
Ericsson pointed out that the current order of the rules ensures that the last feedback will be set to ACK, since the rule for PHICH collision (i.e. HARQ feedback set to ACK) is the last one evaluated in that case. So Ericsson does not think there is an issue with the current specification. NSN believes that only when a transmission takes place but the feedback cannot be received, it is considered as ACK.
-
Panasonic added that although they do not have a strong opinion, so far the assumption was always that eNB takes care of potential collisions with RACH, i.e. no special UE handling required. Furthermore solution 4 would imply that there is a longer transmission delay due to a measurement gap as already pointed out by Sunplus mMobile.
-
HTC mentioned that although they understand the scheduling issue/concern they wonder whether extra handling was necessary since the last received HARQ feedback is used when both (re)transmission and HARQ feedback/PDCCH are occulted by the measurement gap.
-
Qualcomm agreed with Sunplus that the UE behaviour when both UL-SCH and PHICH collide with a measurement gap should be clarified. Either the UE considers ACK (suspending retransmissions one RTT at least), or considers NACK (eNB must then cope with having that UE on that resource for the upcoming UL retransmission). Qualcomm expressed a preference for the lower delay solution, i.e. NACK always.
-
LGE thinks that it is a rare case and the eNB can avoid the issue by sending ACK at point 0. For the UE behaviour when both UL-SCH and PHICH collide with a measurement gap in case 2, 3, LGE also thinks that setting the  HARQ feedback to NACK is in line with what was already agreed.

4
Discussion

The table below summarises the different companies’ position.

	Issue
	Is the issue valid?

	
	No
	Yes and the solution is

	1) a PDCCH ordering a (re)transmission colliding with a measurement gap is ignored
	
	PDCCH is never ignored:
Alcatel-Lucent, ASUSTek, CATT, Ericsson, HTC Corporation, Huawei, LG Electronics Inc., Motorola, NEC, Nokia Corporation, Nokia Siemens Networks, NTT DoCoMo, Panasonic, Qualcomm Europe, Samsung, Sunplus mMobile Inc.

	2) when a PDCCH is received, the HARQ feedback is not considered as ACK always
	Sunplus mMobile Inc.(only if solution 3 is agreed), Panasonic
	HARQ feedback is set to ACK whenever a PDCCH is correctly received:
ASUSTek, CATT, LG Electronics Inc., Motorola, NEC, Nokia Corporation, Nokia Siemens Networks
HARQ feedback is set to NACK whenever a PDCCH is correctly received:
Alcatel-Lucent, Ericsson, Huawei, HTC Corporation, NTT DoCoMo, Sunplus mMobile Inc.(if solution 3 is not agreed)

	3) a non-adaptive retransmission cannot follow a first transmission or adaptive retransmission colliding with a measurement gap
	Alcatel-Lucent, Ericsson,  HTC Corporation (if solution 2 is agreed)
	whenever a measurement gap occults a (re)transmission, the HARQ feedback is set to NACK:
ASUSTek, CATT, Huawei, LG Electronics Inc., Motorola, NEC, Nokia Corporation, Nokia Siemens Networks, NTT DoCoMo, Panasonic, Samsung, Sunplus mMobile Inc.
Change “last feedback is NACK” to “last feedback is not ACK”:
Qualcomm Europe

	4) eNB processing to avoid a non-adaptive retransmission when both the (re)transmission and HARQ feedback collide with a measurement gap
	Ericsson (?), HTC Corporation, Nokia Corporation, Nokia Siemens Networks, NTT DoCoMo , Panasonic, Qualcomm Europe, Samsung
	whenever a measurement gap occults a (re)transmission and corresponding HARQ feedback / PDCCH occasion, the HARQ feedback is forced to ACK:



5
Conclusion

From the email discussion summary captured in section 4, we can observe that there is a general agreement that issues 1, 2 and 3 need to be solved while issue 4 can be put aside. While there is no divergence regarding the 1st one, opinion differs on how to solve the 2nd and 3rd one: some companies would prefer having a different solution for the 2nd and 3rd issue, and some others would prefer applying the same solution to both, namely to consider the HARQ feedback as NACK whenever a PDCCH is received and not only when a measurement gap occults the retransmission. There is however, no difference in behaviour. On one hand, the HARQ feedback is set to ACK when a PDCCH is correctly received and then either set to the content of the received PHICH or forced to NACK in case a measurement gap occults the retransmission. On the other hand, the HARQ feedback is set to NACK when a PDCCH is correctly received and changes only if a PHICH can be received. In both cases, the content of the PHICH is used when it can be received and a NACK is used when a measurement gap occurs.

Thus, since there is no difference in behaviour and since applying solution 3 to solve the 2nd issue could be seen as a generalisation of the 3rd solution, it is proposed as a way forward to consider the feedback as NACK whenever a PDCCH is received. Corresponding CRs to 36.321 are given in [7].
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