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Discussion 
1 Introduction

Measurement gap has been introduced since Rel-8 to guarantee the required time period for the UE to measure non-serving frequencies. During the time period, UE is not able to receive/transmit, which has various impacts on MAC specifications. 

Other gaps similar to measurement gap have introduced or to be introduced, which in principle require the same or similar handling. It is discussed whether those new gaps also deserve the special handling as well.
The issue has been discussed in RAN2#81. The conclusion was to not change Release 11 and come back again for Release 12. The contribution raises the issue again to propose to update the specification so that all issues can be addressed at once. The contents are basically same as [1] with some small changes.
2 Discussion
Measurement gap handling

Due to the fact that UE is not able to transmit/receive during the measurement gap, there are special handlings defined here and there in 36.321.

<Table 1>

	Functions
	Sections
	Relevant text
	Objective

	Random Access
(Special Rule 1)
	5.1.2
	a UE may take into account the possible occurrence of measurement gaps when determining the next available PRACH subframe
	To allow UE not to initiate random access at the subframe where it can not transmit

	
	5.1.4
	Once the Random Access Preamble is transmitted and regardless of the possible occurrence of a measurement gap, the UE shall monitor the PDCCH of the PCell for Random Access Response
	To mandate UE to prioritize random access procedure (RAR reception in this case) over the measurement

	
	5.1.4
	-
If a downlink assignment for this TTI has been received on the PDCCH for the RA-RNTI and the received TB is successfully decoded, the UE shall regardless of the possible occurrence of a measurement gap:

..

-
set the backoff parameter value in the UE as indicated by the BI field of the Backoff Indicator subheader  and Table 7.2-1.
…

-
consider this Random Access Response reception successful and apply the Random Access Response for the serving cell where the Random Access Preamble was transmitted;
…


	To mandate UE to prioritize random access procedure (Msg 3 transmission in this case) over the measurement

	
	5.1.5
	Once Msg3 is transmitted, the UE shall:

-
start mac-ContentionResolutionTimer and restart mac-ContentionResolutionTimer at each HARQ retransmission;

-
regardless of the possible occurrence of a measurement gap, monitor the PDCCH until mac-ContentionResolutionTimer expires or is stopped;


	To mandate UE to prioritize random access procedure (Msg 4 reception in this case) over the measurement

	DL-SCH
	5.3.1
(Special Rule 2)
	-
else, if this Serving Cell is the PCell and a downlink assignment for this TTI has been configured for the PCell and there is no measurement gap in this TTI; and

-
if this TTI is not an MBSFN subframe of the PCell or the UE is configured with transmission mode tm9 on the PCell:

-
instruct the physical layer to receive, in this TTI, transport block on the DL-SCH according to the configured downlink assignment and to deliver it to the HARQ entity;

-
…
	To not mandate UE to process configured DL assignment when it collides with the measurement gap

	UL-SCH


	5.4.1
(Special Rule 3)
	NOTE:
When a configured uplink grant is indicated during a measurement gap and indicates an UL-SCH transmission during a measurement gap, the UE processes the grant but does not transmit on UL-SCH.
	To mandate to not transmit configured assignment but process it for non-adaptive retransmission

	
	5.4.2.1
(Special Rule 4)
	Within a bundle HARQ retransmissions are non-adaptive and triggered without waiting for feedback from previous transmissions according to TTI_BUNDLE_SIZE. The HARQ feedback of a bundle is only received for the last TTI of the bundle (i.e the TTI corresponding to TTI_BUNDLE_SIZE), regardless of whether a transmission in that TTI takes place or not (e.g. when a measurement gap occurs).
	To unambiguously define the HARQ feedback timing in case of bundled transmission

	
	5.4.2.2
(Special Rule 5)
	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 mandate non-adaptive retransmission if UL-SCH transmission didn’t take place due to mesurement gap

	
	5.4.2.2
(Special Rule 6)
	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 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;


	To increment CURRENT_IRV only when transmission is instrcuted to the physical layer

	
	5.4.2.2
(Special Rule 7)
	-
if there is a measurement gap 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.
	To prevent non-adaptive retransmission when HARQ_FEEDBACK has not been received due to measurement gap

	Scheduling Request
	5.4.4
(Special Rule 8)
	As long as one SR is pending, the UE shall for each TTI:

-
if no UL-SCH resources are available for a transmission in this TTI:

-
if the UE has no valid PUCCH resource for SR configured in any TTI: initiate a Random Access procedure (see subclause 5.1) on the PCell and cancel all pending SRs;

-
else if the UE has a valid PUCCH resource for SR configured for this TTI and if this TTI is not part of a  measurement gap and if sr-ProhibitTimer is not running:

-
if SR_COUNTER < dsr-TransMax:

-
increment SR_COUNTER by 1;

-
instruct the physical layer to signal the SR on PUCCH;

-
start the sr-ProhibitTimer.
	To increment SR_COUNTER only when SR can be transmitted

	DRX
	5.7
(Special Rule 9)
	-
during the Active Time, for a PDCCH-subframe, if the subframe is not required for uplink transmission for half-duplex FDD UE operation and if the subframe is not part of a configured measurement gap:

-
monitor the PDCCH;


	To mandate UE to monitor PDCCH-subframe, only when the subframe is not measurement gap 

	
	Annex A
	In this specification, the subframes which cannot be used for transmission according to subclause 8.1.2.1 of [9] are also considered as part of measurement gaps in uplink. Measurement gaps are defined in [9].
In a subframe that is part of a measurement gap, the UE shall not perform the transmission of HARQ feedback and CQI/PMI/RI/PTI, and SRS shall not be reported.
	


All in all, following special rules are defined for measurement gap handling.

· For random access, rules to prioritize random access procedure to the measurement gap 
· For DL-SCH data transfer, a rule to not receive DL SPS during the measurement gap 
· For UL-SCH data transfer, a rule to not transmit UL SPS but to process it during the measurement gap

· For UL-SCH data transfer, a rule to define the HARQ feedback timing when the part of bundle overlaps with the measurement gap

· For UL-SCH data transfer, a rule to perform non-adaptive retransmission when UL-SCH did not take place due to measurement gap

· For UL-SCH data transfer, a rule to increment CURRENT_IRV only when there is no measurement gap at the time of transmission

· For UL-SCH data transfer, a rule to set HARQ_FEEDBACK to ACK if HARQ feedback was not received due to the measurement gap

· For scheduling request, a rule to increment SR_COUNTER only when this TTI is not part of a measurement gap

· For DRX, a rule to mandate UE to monitor PDCCH-subframe only if it is not part of a measurement gap

Analysis on other gaps to be considered
Table 2 summarizes the commonalities and difference between the measurement gap and other gaps.
<Table 2>
	
	Objective
	UE behavior
	Since
	Note

	Measurement gap
	For UE to perform inter-f measurement
	No Rx/Tx
	Rel-8
	

	Autonomous gap note1 
	For UE to read system information of a CSG cell or to avoid in-device interference
	No Rx/Tx
	Rel-9/-11
	No discussion on whether special handling is needed or not

	Glitch gap note2
	For UE to retune its RF frontend
	No Rx/Tx
	Rel-10
	HARQ feedback handling has been discussed in Rel-11 and decided to not address it for that release


note1: Autonomous gap includes Release 9 autonomous gap for CSG cell system information reception and Release 11 autonomous gap for IDC  
note2: Glitch gap is for RF retuning and may occur due to activation/deactivation, deactivated SCell measurement and RRC connection reconfiguration.
Starting from the random access procedure, following tables analyzes the consequences of not having special rules case by case.
<Table 3>

	
	Consequence if special rule 1 is not specified for random access procedure

	Autonomous gap for CSG system information reading
	Random access procedure may not be performed properly; it occurs only in the connected mode, so the consequence would be delayed regular BSR transmission.

	Glitch gap
	Same as above

	Autonomous gap due to IDC denial
	Random access procedure may not be performed properly; it occurs both in the connected mode and in the idle mode. If occurs in the idle mode, connection establishment may be delayed


<Table 4>

	
	Consequence if special rule 2 is not specified for DL-SCH transfer procedure

	Autonomous gap
	UE is required to receive DL SPS during the measurement gap ( conflict requirements ( UE behavior is unpredictable

	Glitch gap
	Same as above


The consequence of the conflict requirements would be unpredictable UE behaviors (i.e. some UE choose to receive SPS while others choose to do something else). One can argue that the unpredictable UE behavior may not lead to drastic results. 
Table 5, 6, 7, 8 and 9 summarizes the consequences with regards to UL-SCH transfer.
<Table 5>

	
	Consequence if special rule 3 is not specified for UL SPS

	Autonomous gap
	If UE is not required to process configured grant colliding with the gap, subsequent non-adaptive retransmission may not be performed. It would result in losing one packet supposed to be transmitted over the SPS.

	Glitch gap
	Same as above


<Table 6>

	
	Consequence if special rule 4 is  not specified for UL-SCH TTI bundling 

	Autonomous gap
	No consequence (measurement gap is only an example in the text)

	Glitch gap
	Same as above


<Table 7>

	
	Consequence if special rule 5 is  not specified for the case when UL-SCH and the gap collides 

	Autonomous gap
	No consequence (according to section 8.3 of 36.213, HARQ feedback is not delivered to the upper layer anyway)

	Glitch gap
	No consequence


<Table 8>

	
	Consequence if special rule 6 is  not specified to increment CURRENT_IRV only when transmission takes place

	Autonomous gap
	The rule may have negative impact because NW may not know there is gap. Incrementing CURRENT_IRV would be better option.

	Glitch gap
	Same as above


<Table 9>

	
	Consequence if special rule 7 is  not specified to set HARQ_FEEDBACK to ACK

	Autonomous gap
	Unnecessary retransmission may follow. Since ENB may not know UE did not receive the HARQ feedback, the retransmission may cause interference for other uplink transmission

	Glitch gap
	Same as above


Table 10 and 11 are about SR and DRX
<Table 10>

	
	Consequence if special rule 8 is  not specified to increment SR_COUNTER only when relevant

	Autonomous gap
	SR_COUNTER increments even when SR is not transmitted

	Glitch gap
	Same as above


<Table 11>

	
	Consequence if special rule 9 is  not specified to not monitor PDCCH-subframe during measurement gap

	Autonomous gap
	Conflicting requirement (some UE choose to monitor PDCCH-subframe, some UE choose to do something else) and UE behavior is not predictable

	Glitch gap
	Same as above


3 Conclusion
Since all the gaps have similar attributes, the similar handling may be beneficial in general. For some cases (i.e. Random access handling, UL SPS handling, HARQ_FEEDBACK setting) aligning the behavior is desirable.   

One simple solution would be to consolidate all the gaps, and apply the same behavior for those gaps as long as possible. Table 12 summarizes the proposed changes. Note that rule 6 for CURRENT_IRV handling is not proposed because it may have negative impact. The reason is that ENB knows exactly when the measurement gap occurs but does not when other gaps occur.
<Table 12>

	Sections
	Relevant text
	Changes

	3.1

	N/A
	The definition for Gap is added

	5.1.2
	a UE may take into account the possible occurrence of measurement gaps when determining the next available PRACH subframe
	measurement gap is replaced by gap
 

	5.1.4
	Once the Random Access Preamble is transmitted and regardless of the possible occurrence of a measurement gap, the UE shall monitor the PDCCH of the PCell for Random Access Response
	

	5.1.4
	-
If a downlink assignment for this TTI has been received on the PDCCH for the RA-RNTI and the received TB is successfully decoded, the UE shall regardless of the possible occurrence of a measurement gap:
	

	5.1.5
	-
regardless of the possible occurrence of a measurement gap, monitor the PDCCH until mac-ContentionResolutionTimer expires or is stopped;


	

	5.3.1
	-
else, if this Serving Cell is the PCell and a downlink assignment for this TTI has been configured for the PCell and there is no measurement gap in this TTI; and
	

	5.4.1
	NOTE:
When a configured uplink grant is indicated during a measurement gap and indicates an UL-SCH transmission during a measurement gap, the UE processes the grant but does not transmit on UL-SCH.
	

	5.4.2.1
	Within a bundle HARQ retransmissions are non-adaptive and triggered without waiting for feedback from previous transmissions according to TTI_BUNDLE_SIZE. The HARQ feedback of a bundle is only received for the last TTI of the bundle (i.e the TTI corresponding to TTI_BUNDLE_SIZE), regardless of whether a transmission in that TTI takes place or not (e.g. when a measurement gap occurs).
	

	5.4.2.2
	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.
	

	5.4.2.2
	-
if there is a measurement gap at the time of the HARQ feedback reception for this transmission and if the MAC PDU was not obtained from the Msg3 buffer:
	

	5.4.4
	-
else if the UE has a valid PUCCH resource for SR configured for this TTI and if this TTI is not part of a  measurement gap and if sr-ProhibitTimer is not running:
	

	5.7
	-
during the Active Time, for a PDCCH-subframe, if the subframe is not required for uplink transmission for half-duplex FDD UE operation and if the subframe is not part of a configured measurement gap:

-
monitor the PDCCH;
	


Draft CR is in [2].
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