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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 span, UE is not able to receive/transmit, which has various impacts on MAC specification. 

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. 

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
	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
	-
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
	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
	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
	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
	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
	-
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
	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
	-
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 rule is 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 when it is not part of a measurement gap 
Special handlings for other gaps?
Followings are gaps that have been defined or are to be defined.
<Table 2>

	
	Objective
	UE requirement
	Since
	Note

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

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

	Gap due to Act/Deact
	For UE to retune its RF frontend
	No Rx/Tx
	Rel-10
	No discussion on whether special handling is needed or not

	Gap due to deactivated SCell measurement
	For UE to retune its RF frontend
	No Rx/Tx
	Rel-10
	No discussion on whether special handling is needed or not

	Gap due to autonomous denial
	For UE to receive an important control information for IDC module
	No Rx/Tx
	Rel-11
	No discussion on whether special handling is needed or not


In principle, all those gaps require the similar special handlings in consistency point of view. However, measurement gap alone has introduced considerable spec change. Further changes due to other gaps should be avoided if possible.
The need for the special rules has the positive relevance with the frequency; the negative relevance with the NW controllability (if NW knows the gap occurrence and can control the occurrence of the colliding event, the need decreases) and the UE controllability (if UE can control the occurrence of the colliding event, the need decreases).

Table below analyzes each gap in these regards.
<Table 3>
	
	NW controllability on the gap occurrence
	UE controllability on the gap occurrence 
	Gap frequency

	0) Measurement gap
	No (gaps occur periodically after configured)
	No
	Reference (6 ms / 40 or 80 ms)

	1) Autonomous gap
	Yes
	No
	Lower (150 ms per unidentified neighbor cell) 

	2) Gap due to Act/Deact
	Yes (to some extent)
	No
	Lower (tens of ms per e.g. at most 640 ms)

	3) Gap due to deactivated SCell measurement
	No
	Yes (to some extent)
	Lower (at most once per 640 ms)

	4) Gap due to autonomous denial
	No
	No
	Lower (depending on user service profile; likely to be lower than reference frequency)


As seen above, in general the need of special handling for other gaps is less than that for measurement gap. If the consequence of not having special handling is not severe, we may conclude that special handling is not needed.

Starting from the random access procedure, following tables analyzes the consequences of not having special rules case by case.
<Table 4>

	
	Consequence if special rules not specified for random access procedure

	0) Measurement gap
	Random access procedure may not be performed properly; it occurs only in the connected mode, so the consequence would be delayed regular BSR transmission.

	1) Autonomous gap
	Same as above

	2) Gap due to Act/Deact
	Same as above

	3) Gap due to deactivated SCell measurement
	Same as above

	4) Gap due to autonomous denial
	Random access procedure may not be performed properly; occurs both in the connected mode and in the idle mode. If occurs in the idle mode, connection establishment may be delayed


Observation 1: Special handling for autonomous denial gap may be needed for the case where random access and gap collide.
<Table 5>
	
	Consequence if special rules not specified for DL-SCH transfer procedure

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

	1) Autonomous gap
	Same as above

	2) Gap due to Act/Deact
	Same as above

	3) Gap due to deactivated SCell measurement
	Same as above

	4) Gap due to autonomous denial
	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 RF retuning). It would lead to performance degradation but not to drastic results. Even the current rule for the measurement gap seems not sufficiently motivated.

Observation 2: Special handling of the collision between the DL SPS and the other gaps is not as required as for measurement gap, but having it would be better.

Table below shows the consequence in case of UL-SCH transfer.
<Table 6>

	
	consequence without UL SPS related rule
	consequence without PHICH timing for bundled transmission rule
	consequence without non-adaptive retransmission after skipped transmission
	consequence without CURRENT_IRV rule
	consequence without HARQ_FEEDBACK to ACK rule

	0) Measurement gap
	See consequence 0 below
	Measurement gap is only an example of when part of bundled transmission is not performed. No problem without the rule.
	PDCCH is wasted to order adaptive retransmission
	non-optimal IRV is used for retransmission (IRV increment without transmission)
	unnecessary non-adaptive retransmission occurs if skipped feedback was ACK

	1) Autonomous gap
	Same as measurement gap
	Same as measurement gap
	Due to the length of the autonomous gap, it does not happen 
	Due to the length of the autonomous gap, it does not happen
	Due to the length of the autonomous gap, it does not happen

	2) Gap due to Act/Deact
	Same as measurement gap
	Same as measurement gap
	Same as measurement gap
	Same as measurement gap
	Same as measurement gap

	3) Gap due to deactivated SCell measurement
	Same as measurement gap
	Same as measurement gap
	See Consequence 1 below
	See Consequence 2 below
	See Consequence 3 below

	4) Gap due to autonomous denial
	Same as measurement gap
	Same as measurement gap
	
	
	


Consequence 0: If UE is not required to process configured grant colliding with the gap, subsequent non-adaptive retransmission may not be performed. It costs one more PDCCH to trigger new transmission for the voice packet having supposed to be transmitted over the SPS.   
Consequence 1: If UL-SCH transmission is skipped due to the autonomous denial or the measurement on the deactivated SCell, ENB may or may not be aware of it depending on whether it applies the energy detection; 

· If ENB applies the energy detection, ENB may know that UL-SCH transmission is skipped. It is same as measurement gap case. 
· If ENB does not apply energy detection, ENB does not know that UL-SCH transmission is skipped. Garbage data would be put into the soft combining process which would lead to HARQ transmission failure

There seems no nice solution. Setting the HARQ_FEEDBACK to NACK would just waste UE power in case of no energy detection by ENB.
Consequence 2: If UL-SCH transmission is skipped due to the autonomous denial or the deactivated SCell measurement, UE will increase the IRV;
· If ENB applies the energy detection, ENB may know that UL-SCH transmission is skipped. Applying optimum IRV (by not incrementing CURRENT_IRV like in measurement gap) is possible. 

· If ENB does not apply energy detection ENB does not know that UL-SCH transmission is skipped. So ENB will apply IRV incremented from the previous value. 
There seems no nice solution. Not incrementing CURRENT_IRV would lead to IRV desynchronization in case of no energy detection in ENB.
Consequence 3: If PHICH reception is skipped due to the autonomous denial or the measurement on the deactivated SCell, ENB does not know it. Since HARQ_FEEDBACK does not change, UE will perform non-adaptive retransmission.
· If it was NACK, ENB expects non-adaptive retransmission. No problem.
· If it was ACK, ENB would have allocated the resource to other UE. HARQ transmission of victim UE would fail due to the interruption.
It would be better to set HARQ_FEEDBACK to ACK as like in measurement gap because avoiding unsolicited transmission is more important. 
The need for special handling is summarized below.
<Table 7>
	
	UL SPS related rule
	PHICH timing for bundled transmission rule
	non-adaptive retransmission after skipped transmission
	CURRENT_IRV rule
	HARQ_FEEDBACK to ACK rule

	1) Autonomous gap
	Not highly required, but if possible with small cost, having same handling as measurement gap would be fine.
	Not highly required, but if possible with small cost, having same handling as measurement gap would be fine.
	Nothing is needed. Having the same handling as measurement gap does not do harm


	2) Gap due to Act/Deact
	
	
	Not highly required, but if possible with small cost, having same handling as measurement gap would be fine.

	3) Gap due to deactivated SCell measurement
	
	
	No nice solution (same handling as measurement gap would be fine)
	No nice solution (different handling as measurement gap is required)
	Having same handling as measurement gap would be required.

	4) Gap due to autonomous denial
	
	
	
	
	


Observation 3: Special handling of UL-SCH data transfer for other gaps is not as required as for measurement gap, but having it would be better.

The consequence for SR and DRX is summarized in the table below.
<Table 8>

	
	consequence without SR related rule
	consequence without DRX related rule

	0) Measurement gap
	SR_COUNTER increase incorrectly
	Conflicting requirement. UE behavior is unpredictable

	1) Autonomous gap
	Same as measurement gap
	Same as measurement gap

	2) Gap due to Act/Deact
	Same as measurement gap
	Same as measurement gap

	3) Gap due to deactivated SCell measurement
	Same as measurement gap
	Same as measurement gap

	4) Gap due to autonomous denial
	Same as measurement gap
	Same as measurement gap


Since the consequences are same as measurement gap, the need for the rule may be not so high. But as like other cases, having it would be better than nothing.
Observation 4: Special handling of SR and DRX for other gaps is not as required as for measurement gap, but having it would be better.
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. Draft CR is in [1][2].
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