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1. Introduction

In TS 36.331 [2], the parameter DRX Start Offset (drx-StartOffset) remains unspecified. This parameter is always present in the MAC-MainConfiguration IE [2]

 REF _Ref205974778 \r \h 
[3], i.e. it is always included when the network reconfigures any other DRX parameter for a given UE.

This paper discusses different approaches to signaling this parameter with the intent minimize signaling overhead, and to maintain the flexibility of the scheduler in setting the offset. A number of alternatives to signal the DRX Start Offset are discussed, together with a corresponding text proposal to TS 36.331. 
The intent is that RAN2 discusses how this parameter is to be signaled, and then to agree on one alternative.
2. DRX Start Offset
Background

When the UE is in RRC Connected and when it has a valid DRX configuration, it starts the DRX On-Duration Timer and monitors the PDCCH at the beginning of each DRX cycle. The beginning of the cycle is based on the system frame number (SFN), which is specified as an integer offset representing a number of subframes. 
Specifically, from TS 36.321, when a DRX cycle is configured, the UE shall for each subframe:

· start the On Duration Timer when  [(SFN * 10) + subframe number + DRX Start Offset] modulo (current DRX Cycle) =0;
The eNB configures the offset to efficiently spread UEs in time for scheduling. The SFN length is 10 bits, i.e. it wraps around every 10.24 seconds. The number of bits needed to signal the offset depends on the range of the DRX Cycle for which it is applicable, because of the modulo operation as expressed above, and the length of the signaled parameter can thus vary depending on what DRX Cycle value is configured and used.
Granularity

It seems desirable to minimize the number of bits signaled for the DRX Start Offset. It also seems preferable to signal a fixed number of bits. It also seems useful to allow the possibility for the eNB to set the offset at a fine granularity, i.e. at the subframe level, and to ensure that each UE registered within a cell can be configured with a different offset.

Overhead

It is unlikely that more than 400 UEs will be concurrently registered within the same cell; however, dividing the range of offset values to have e.g. 400 values would still require 9 bits to signal each offset. Using fewer bits would imply that more than on UE may have to be configured with the same offset.

This means that for a granularity at the subframe level, considering a maximum value of the Long DRX Cycle of 2560 subframes, up to 12 bits need to be signaled for the offset. Alternatively, some form of coding to reduce the number of bits signaled and/or to always have a fixed number of bits could also be considered.
Flexibility

It has been agreed that the Long DRX Cycle shall be an integer multiple of the Short DRX Cycle. In general, it has been assumed that the same offset can be used for both the Long and Short DRX cycles and that it is unnecessary for the eNB to have control over the setting of the offset independently for each cycle, in case the Short DRX Cycle is also configured.
Alternative solutions

We identify three possible alternatives:

1) Integer value: RRC signals the entire value of the DRX Start Offset. This requires 12 bits:


drx-StartOffset





INTEGER (0..2559),

This alternative is simplest, but always has the largest overhead for every reconfiguration of DRX parameters. 

2) Choice: RRC signals the value of the DRX Start Offset using the number of bits based on the DRX Cycle. This requires between 4 and 12 bits, and uses the “choice” construct:

drx-StartOffsetLongCycle


CHOICE {



sf10






INTEGER(0..9),


sf20






INTEGER(0..19),



sf32






INTEGER(0..31),


sf40






INTEGER(0..39),


sf64






INTEGER(0..63),


sf80






INTEGER(0..79),


sf128






INTEGER(0..127),


sf160






INTEGER(0..159),


sf256






INTEGER(0..254),


sf320






INTEGER(0..319),


sf512






INTEGER(0..511),



sf640






INTEGER(0..639),



sf1024






INTEGER(0..1023),



sf1280






INTEGER(0..1279),



sf2048






INTEGER(0..2047),



sf2560






INTEGER(0..2559),



,


...



shortDRX






SEQUENCE {




shortDRX-Cycle





INTEGER (0), 


-- type,range,default FFS



drx-StartOffsetLongCycle


CHOICE {






sfFFS






NULL,






...},




drxShortCycleTimer




INTEGER (1..16) 

-- type,range,default FFS


}

OPTIONAL


If needed, the same construct can also be used for the Short DRX Cycle once its values are agreed. Since this cycle may not always be configured, a different approach can also be used in case one offset is signaled for each cycle (ffs). This alternative is simple and ensures that the minimum number of bits is always used for the DRX Cycle being configured, although its specification is not very compact.

3) C-RNTI-based: MAC derives the DRX Start Offset value based on another parameter, unique for each UE.

Each UE in RRC Connected is given a unique C-RNTI. The size of the C-RNTI is 16 bits.
a. Direct mapping: The C-RNTI is used as the value of the offset. The parameter drx-StartOffset can be omitted from the MAC-MainConfiguration and instead be replaced with the C-RNTI in TS 36.321:
· start the On Duration Timer when  [(SFN * 10) + subframe number + C-RNTI] modulo (current DRX Cycle) =0;
This alternative is simple and completely removes the overhead of the signaling for the DRX Offset. The correlation between offsets and C-RNTI allocation reduces the flexibility of the eNB in spreading UEs; this may be acceptable if it can be assumed that detailed control of DRX offset is not needed and that a uniform distribution is sufficient. However, this alternative is not proposed because of the possible negative side effects of changing the C-RNTI in case the eNB needs to modify the DRX Start Offset.

b. The parameter signaled drx-StartOffset is set to a fixed size, e.g. 5 bits (0..31), and the remaining bits are taken from the least significant bits of the C-RNTI; the number of bits needed from the C-RNTI is determined based on the value of the corresponding DRX cycle, i.e. num_crnti_bits = ceil(log2(longDRX-Cycle))-4 or ceil(log2(shortDRX-Cycle)-4) for long and short cycle respectively.


drx-StartOffset





INTEGER (0..15),
The DRX Start Offset is calculated by combining by the least significant num_crnti_bits of the C-RNTI to the signaled drx-StartOffset in the Mac-MainConfiguration. This can be reflected in the table under the IE in TS 36.331, or in the MAC specification. 
3. Conclusion
It is proposed that RAN2 discusses how to handle the signaling of the DRX Start Offset, which is always sent for each DRX reconfiguration. Three alternatives are discussed, and our preference is for a solution that leads to a reasonable amount of signaled bits thus we have a mild preference for alternative 3b) but alternative 2) is equally acceptable.
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5. Text proposal to TS 36.331
Alternative 1 – Integer value
----------------------------------------------------- Unmodified Sections Omitted ----------------------------------------------------
--------------------------------------------------------------- SECTION 6.3.2 -----------------------------------------------------------
–
MAC-MainConfiguration
The IE MAC-MainConfiguration is used to specify the transport channel configuration for data radio bearers.

MAC-MainConfiguration information element
-- ASN1START

MAC-MainConfiguration ::=
SEQUENCE {


dl-SCH-Configuration



SEQUENCE {



semiPersistSchedIntervalDL


ENUMERATED {













sf10, sf20, sf32, sf40, sf64, sf80, 













sf128, sf160, sf320, sf640, spare6, 













spare5, spare4, spare3, spare2, 













spare1}

OPTIONAL


}

OPTIONAL,


ul-SCH-Configuration



SEQUENCE {



maxHARQ-Tx






ENUMERATED {













n1, n2, n3, n4, n5, n6, n7, n8, 













n10, n12, n16, n20, n24, n28, 












spare2, spare1}

OPTIONAL,
  -- Cond ConnSU



semiPersistSchedIntervalUL


ENUMERATED {













sf10, sf20, sf32, sf40, sf64, sf80, 













sf128, sf160, sf320, sf640, spare6, 













spare5, spare4, spare3, spare2, 













spare1}

OPTIONAL,



periodicBSR-Timer




ENUMERATED {













sf5, sf10, sf16, sf20, sf32, sf40, 













sf64, sf80, sf128, sf160, sf320, sf640, 













sf1280, sf2560, infinity, spare1} OPTIONAL,-- need OC



ttiBundling






BOOLEAN


}

OPTIONAL,


drx-Configuration




SEQUENCE {



drx-StartOffset





INTEGER (0..2559),


onDurationTimer





ENUMERATED {













psf1, psf2, psf3, psf4, psf5, psf6, 













psf8, psf10, psf20, psf30, psf40, 













psf50, psf60, psf80, psf100, 













psf200},






-- default FFS


drx-InactivityTimer




ENUMERATED {













psf1, psf2, psf3, psf4, psf5, psf6, 













psf8, psf10, psf20, psf30, psf40, 













psf50, psf60, psf80, psf100, 













psf200},






-- default FFS


drx-RetransmissionTimer



ENUMERATED {













sf1, sf2, sf4, sf6, sf8, sf16,













sf24, sf33},





-- default FFS


longDRX-Cycle





ENUMERATED {













sf10, sf20, sf32, sf40, sf64, sf80, 













sf128, sf160, sf256, sf320, sf512, 













sf640, sf1024, sf1280, sf2048, 













sf2560},






-- default FFS


shortDRX






SEQUENCE {




shortDRX-Cycle





INTEGER (0), 


-- type,range,default FFS



drxShortCycleTimer




INTEGER (1..16) 

-- type,range,default FFS


}

OPTIONAL


}

OPTIONAL,


timeAlignmentTimer





ENUMERATED {













sf500, sf1280, sf2560, sf5120, sf10240, 













infinity, spare2, spare1}

DEFAULT sf500,


phr-Configuration




SEQUENCE {



periodicPHR-Timer




ENUMERATED {sf10, sf20, sf50, sf100, sf200, 















sf1000, infinity, spare1},



prohibitPHR-Timer




ENUMERATED {sf0, sf100, sf200, sf1000},



dl-PathlossChange




ENUMERATED {dB1, dB3, dB6, infinity}


}

OPTIONAL,  -- need OC


...

}

-- ASN1STOP

------------------------------------------------------------ END OF CHANGE ---------------------------------------------------------
------------------------------------------------------ Unmodified Sections Omitted ---------------------------------------------------
Alternative 2) – CHOICE
----------------------------------------------------- Unmodified Sections Omitted ----------------------------------------------------
--------------------------------------------------------------- SECTION 6.3.2 -----------------------------------------------------------
–
MAC-MainConfiguration
The IE MAC-MainConfiguration is used to specify the transport channel configuration for data radio bearers.

MAC-MainConfiguration information element
-- ASN1START

MAC-MainConfiguration ::=
SEQUENCE {


dl-SCH-Configuration



SEQUENCE {



semiPersistSchedIntervalDL


ENUMERATED {













sf10, sf20, sf32, sf40, sf64, sf80, 













sf128, sf160, sf320, sf640, spare6, 













spare5, spare4, spare3, spare2, 













spare1}

OPTIONAL


}

OPTIONAL,


ul-SCH-Configuration



SEQUENCE {



maxHARQ-Tx






ENUMERATED {













n1, n2, n3, n4, n5, n6, n7, n8, 













n10, n12, n16, n20, n24, n28, 












spare2, spare1}

OPTIONAL,
  -- Cond ConnSU



semiPersistSchedIntervalUL


ENUMERATED {













sf10, sf20, sf32, sf40, sf64, sf80, 













sf128, sf160, sf320, sf640, spare6, 













spare5, spare4, spare3, spare2, 













spare1}

OPTIONAL,



periodicBSR-Timer




ENUMERATED {













sf5, sf10, sf16, sf20, sf32, sf40, 













sf64, sf80, sf128, sf160, sf320, sf640, 













sf1280, sf2560, infinity, spare1} OPTIONAL,-- need OC



ttiBundling






BOOLEAN


}

OPTIONAL,


drx-Configuration




SEQUENCE {




onDurationTimer





ENUMERATED {













psf1, psf2, psf3, psf4, psf5, psf6, 













psf8, psf10, psf20, psf30, psf40, 













psf50, psf60, psf80, psf100, 













psf200},






-- default FFS


drx-InactivityTimer




ENUMERATED {













psf1, psf2, psf3, psf4, psf5, psf6, 













psf8, psf10, psf20, psf30, psf40, 













psf50, psf60, psf80, psf100, 













psf200},






-- default FFS


drx-RetransmissionTimer



ENUMERATED {













sf1, sf2, sf4, sf6, sf8, sf16,













sf24, sf33},





-- default FFS


longDRX-Cycle





ENUMERATED {













sf10, sf20, sf32, sf40, sf64, sf80, 













sf128, sf160, sf256, sf320, sf512, 













sf640, sf1024, sf1280, sf2048, 













sf2560},






-- default FFS


drx-StartOffsetLongCycle

CHOICE {




sf10






INTEGER(0..9),




sf20






INTEGER(0..19),




sf32






INTEGER(0..31),




sf40






INTEGER(0..39),




sf64






INTEGER(0..63),




sf80






INTEGER(0..79),




sf128






INTEGER(0..127),




sf160






INTEGER(0..159),




sf256






INTEGER(0..254),




sf320






INTEGER(0..319),




sf512






INTEGER(0..511),




sf640






INTEGER(0..639),




sf1024






INTEGER(0..1023),




sf1280






INTEGER(0..1279),




sf2048






INTEGER(0..2047),




sf2560






INTEGER(0..2559)},



shortDRX






SEQUENCE {




shortDRX-Cycle





INTEGER (0), 


-- type,range,default FFS



drx-StartOffsetLongCycle


CHOICE {






sfFFS






NULL,






...},




drxShortCycleTimer




INTEGER (1..16) 

-- type,range,default FFS


}

OPTIONAL


}

OPTIONAL,


timeAlignmentTimer





ENUMERATED {













sf500, sf1280, sf2560, sf5120, sf10240, 













infinity, spare2, spare1}

DEFAULT sf500,


phr-Configuration




SEQUENCE {



periodicPHR-Timer




ENUMERATED {sf10, sf20, sf50, sf100, sf200, 















sf1000, infinity, spare1},



prohibitPHR-Timer




ENUMERATED {sf0, sf100, sf200, sf1000},



dl-PathlossChange




ENUMERATED {dB1, dB3, dB6, infinity}


}

OPTIONAL,  -- need OC


...

}

-- ASN1STOP

------------------------------------------------------------ END OF CHANGE ---------------------------------------------------------
------------------------------------------------------ Unmodified Sections Omitted ---------------------------------------------------
Alternative 3b) – C-RNTI-based, Fixed number of bits
----------------------------------------------------- Unmodified Sections Omitted ----------------------------------------------------
--------------------------------------------------------------- SECTION 6.3.2 -----------------------------------------------------------
–
MAC-MainConfiguration
The IE MAC-MainConfiguration is used to specify the transport channel configuration for data radio bearers.

MAC-MainConfiguration information element
-- ASN1START

MAC-MainConfiguration ::=
SEQUENCE {


dl-SCH-Configuration



SEQUENCE {



semiPersistSchedIntervalDL


ENUMERATED {













sf10, sf20, sf32, sf40, sf64, sf80, 













sf128, sf160, sf320, sf640, spare6, 













spare5, spare4, spare3, spare2, 













spare1}

OPTIONAL


}

OPTIONAL,


ul-SCH-Configuration



SEQUENCE {



maxHARQ-Tx






ENUMERATED {













n1, n2, n3, n4, n5, n6, n7, n8, 













n10, n12, n16, n20, n24, n28, 












spare2, spare1}

OPTIONAL,
  -- Cond ConnSU



semiPersistSchedIntervalUL


ENUMERATED {













sf10, sf20, sf32, sf40, sf64, sf80, 













sf128, sf160, sf320, sf640, spare6, 













spare5, spare4, spare3, spare2, 













spare1}

OPTIONAL,



periodicBSR-Timer




ENUMERATED {













sf5, sf10, sf16, sf20, sf32, sf40, 













sf64, sf80, sf128, sf160, sf320, sf640, 













sf1280, sf2560, infinity, spare1} OPTIONAL,-- need OC



ttiBundling






BOOLEAN


}

OPTIONAL,


drx-Configuration




SEQUENCE {



drx-StartOffset





INTEGER (0..31),


onDurationTimer





ENUMERATED {













psf1, psf2, psf3, psf4, psf5, psf6, 













psf8, psf10, psf20, psf30, psf40, 













psf50, psf60, psf80, psf100, 













psf200},






-- default FFS


drx-InactivityTimer




ENUMERATED {













psf1, psf2, psf3, psf4, psf5, psf6, 













psf8, psf10, psf20, psf30, psf40, 













psf50, psf60, psf80, psf100, 













psf200},






-- default FFS


drx-RetransmissionTimer



ENUMERATED {













sf1, sf2, sf4, sf6, sf8, sf16,













sf24, sf33},





-- default FFS


longDRX-Cycle





ENUMERATED {













sf10, sf20, sf32, sf40, sf64, sf80, 













sf128, sf160, sf256, sf320, sf512, 













sf640, sf1024, sf1280, sf2048, 













sf2560},






-- default FFS


shortDRX






SEQUENCE {




shortDRX-Cycle





INTEGER (0), 


-- type,range,default FFS



drxShortCycleTimer




INTEGER (1..16) 

-- type,range,default FFS


}

OPTIONAL


}

OPTIONAL,


timeAlignmentTimer





ENUMERATED {













sf500, sf1280, sf2560, sf5120, sf10240, 













infinity, spare2, spare1}

DEFAULT sf500,


phr-Configuration




SEQUENCE {



periodicPHR-Timer




ENUMERATED {sf10, sf20, sf50, sf100, sf200, 















sf1000, infinity, spare1},



prohibitPHR-Timer




ENUMERATED {sf0, sf100, sf200, sf1000},



dl-PathlossChange




ENUMERATED {dB1, dB3, dB6, infinity}


}

OPTIONAL,  -- need OC


...

}

-- ASN1STOP

	MAC-MainConfiguration field descriptions

	maxHARQ-Tx

Parameter: max-HARQ-Tx [36.321].

If absent in the RRCConnectionSetup message, the default value as defined in 9.2.1.1 applies.

	semiPersistSchedIntervalDL

Semi-persistent scheduling interval in downlink. Value in number of sub-frames. Value sf10 corresponds to 10 sub-frames, sf20 corresponds to 20 sub-frames and so on. For TDD, this parameter should be round to the nearest integer (of 10 sub-frames) towards zero, e.g. sf10 corresponds to 10 sub-frames, sf32 corresponds to 30 sub-frames, sf128 corresponds to 120 sub-frames.

	semiPersistSchedIntervalUL

Semi-persistent scheduling interval in uplink. Value in number of sub-frames. Value sf10 corresponds to 10 sub-frames, sf20 corresponds to 20 sub-frames and so on. For TDD, this parameter should be round to the nearest integer  (of 10 sub-frames) towards zero, e.g. sf10 corresponds to 10 sub-frames, sf32 corresponds to 30 sub-frames, sf128 corresponds to 120 sub-frames.

	periodicBSR-Timer

Parameter: PERIODIC_BSR_TIMER [36.321]. Value in number of sub-frames. Value sf10 corresponds to 10 sub-frames, sf20 corresponds to 20 sub-frames and so on.

	ttiBundling

Configures TTI bundling on and off. Can be configured for FDD and for TDD only for configurations 0, 1 and 6.

	drx-StartOffset

Parameter: 5 least significant bits of the DRX Start Offset [36.321]. The DRX Start Offset is obtained by concatenation of the ceil(log2(longDRX-Cycle))-4 least significant bits of the UE’s C-RNTI with the bits received for drx-StartOffset. The resulting DRX Start Offset is a value in number of sub-frames. In TDD, this can point to a DL or UL sub-frame.

	onDurationTimer

Parameter: On Duration Timer [36.321]. Value in number of PDCCH sub-frames. Default value is [FFS]. Value psf1 corresponds to 1 PDCCH subframe, psf2 corresponds to 2 PDCCH sub-frames and so on.

	drx-InactivityTimer

Parameter: DRX Inactivity Timer [36.321]. Value in number of PDCCH sub-frames. Default value is [FFS]. Value psf1 corresponds to 1 PDCCH subframe, psf2 corresponds to 2 PDCCH sub-frames and so on.

	drx-RetransmissionTimer

Parameter: DRX Retransmission Timer [36.321]. Value in number of PDCCH sub-frames. Default value is [FFS].

	longDRX-Cycle

Long DRX cycle in [36.321]. Value in number of sub-frames. Default value is [FFS]. If shortDRX-Cycle is configured, the value shall be a multiple of the shortDRX-Cycle value. Value sf10 corresponds to 10 sub-frames, sf20 corresponds to 20 subframes and so on.

	shortDRX-Cycle

Short DRX cycle in [36.321]. Value in [FFS]. Default value is [FFS].

	drxShortCycleTimer

Parameter: DRX Short Cycle Timer [36.321]. Value in multiples of shortDRX-Cycle. Default value is [FFS]. A value of 1 corresponds to shortDRX-Cycle, a value of 2 corresponds to 2 * shortDRX-Cycle and so on.

	timeAlignmentTimer

Parameter: Time Alignment Timer [36.321]. Value in number of sub-frames. Default value is 500. Value sf500 corresponds to 500 sub-frames, sf1280 corresponds to 1280 sub-frames and so on.

	periodicPHR-Timer

Parameter: PERIODIC_PHR_TIMER [36.321]. Value in number of sub-frames. Value sf10 corresponds to 10 subframes, sf20 corresponds to 20 subframes and so on.

	prohibitPHR-Timer

Parameter: PROHIBIT PHR TIMER [36.321]. Value in number of sub-frames. Value sf10 corresponds to 10 subframes, sf20 corresponds to 20 subframes and so on.

	dl-PathLossChange

Parameter: DL PathlossChange [36.321]. Value in dB. Value dB1 corresponds to 1 dB, dB3 corresponds to 3 dB and so on.


	Conditional presence
	Explanation

	ConnSU
	The IE is mandatory default if the IE is included in RRCConnectionSetup; otherwise it is optionally present, continue.


------------------------------------------------------------ END OF CHANGE ---------------------------------------------------------
------------------------------------------------------ Unmodified Sections Omitted ---------------------------------------------------










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































