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1 Introduction
In this contribution, we discuss the remaining MAC issues on EDT about the following aspects:
· MAC PDU (re-)building for Msg3
· EDT contention resolution timer for NB-IoT

· Contention resolution MAC PDU in UP-EDT
2 Discussion
2.1 MAC PDU (re-)building for Msg3
2.1.1 Msg3 building using flexible TBS
Flexible TBS was introduced for Msg3 transmission in EDT procedure to address the padding issue. Flexible is enabled by edt-SmallTBS-Enabled and the set of possible TB sizes is determined by edt-SmallTBS-Subset according to a table in TS 36.213. If flexible TBS is enabled, the UE should use the smallest TBS among the set of possible seizes which fits the message size for Msg3 transmission.
In the current TS 36.321, how to use flexible TBS for EDT is not specified. Considering that using flexible TBS has impact on multiplexing, it is proposed to add corresponding description for flexible TBS in TS 36.321.
Proposal 1: Add description about flexible TBS in TS 36.321.

2.1.2 Msg3 re-building at CEL change
According to the current EDT procedure in MAC specification, after CEL change, the UE needs to re-evaluate the conditions as for initial EDT attempt, i.e. check whether there is available EDT PRACH resource for the new CEL and whether the TB size for the new CEL still fits for EDT transmission. If the conditions are still fulfilled, the UE can continue performing EDT preamble transmission in the new CEL. In this case, there is already a MAC PDU in Msg3 buffer, containing UL data and very likely padding bits. For the new CEL, the eNB may indicate a different TBS for Msg3 transmission. Even for the case that flexible TBS is configured, the TBS candidates for the new CEL may be different from the one for the previous CEL. Thus, the MAC entity of the UE needs to adjust the size of the MAC PDU in Msg3 buffer by adding or reducing padding bits to match the TBS in the new CEL.
Proposal 2: After CEL change, if the TBS for Msg3 transmission for the new CEL are different from the TBS for the previous CEL, the MAC entity of the UE needs to re-build the MAC PDU in Msg3 buffer to match the TBS.

We have the following text proposals for proposals 1 and 2 related to Msg3 (re-)building:
In section 5.4.3.1 for Msg3 building:

	-
The UE shall also follow the rules below during the scheduling procedures above:

-
the UE should not segment an RLC SDU (or partially transmitted SDU or retransmitted RLC PDU) if the whole SDU (or partially transmitted SDU or retransmitted RLC PDU) fits into the remaining resources of the associated MAC entity;

-
if the UE segments an RLC SDU from the logical channel, it shall maximize the size of the segment to fill the grant of the associated MAC entity as much as possible;

-
the UE should maximise the transmission of data.

-
if the MAC entity is given an UL grant size that is equal to or larger than 4 bytes while having data available for transmission, the MAC entity shall not transmit only padding BSR and/or padding (unless the UL grant size is less than 7 bytes and an AMD PDU segment needs to be transmitted);

-
for transmissions on serving cells operating according to Frame Structure Type 3, the MAC entity shall only consider logical channels for which laa-UL-Allowed has been configured;

-
if a logical channel has been configured with lch-CellRestriction and if PDCP duplication is activated, for this logical channel the MAC entity shall not consider the cells indicated by lch-CellRestriction to be restricted for transmission.

-
if the UE is an NB-IoT UE, a BL UE or a UE in enhanced coverage and for EDT if edt-SmallTBS-Enabled is set to TRUE for the corresponding PRACH resource, the UE shall choose the the TB size among the set of possible TB sizes (as described in subclause 8.6.2 and 16.3.3 of TS 36.213 [2]) that fits best the message size.


In section 5.4.2.1 for Msg3 re-building:

	-
if the uplink grant was received in a Random Access Response:

-
if there is a MAC PDU in the Msg3 buffer and the uplink grant was received in a Random Access Response:

-
if the MAC PDU in the Msg3 buffer contains the Data Volume and Power Headroom Report MAC control element:

-
the MAC entity shall update the Data Volume and Power Headroom Report MAC control element in the MAC PDU in the Msg3 buffer.

-
if the UE is an NB-IoT UE, a BL UE or a UE in enhanced coverage, for EDT:

-
if edt-SmallTBS-Enabled is set to FALSE for the corresponding PRACH resource, and the size of the MAC PDU in the Msg3 buffer is not equal to the uplink grant size, the MAC entity shall re-build the MAC PDU in the Msg3 buffer by adjusting the padding bits to match the uplink grant size;

-
else if edt-SmallTBS-Enabled is set to TRUE for the corresponding PRACH resource, and the size of the MAC PDU in the Msg3 buffer is not equal to the TB size among the set of possible TB sizes (as described in subclause 8.6.2 and 16.3.3 of TS 36.213 [2]) that fits best the message size, the MAC entity shall re-build the MAC PDU in the Msg3 buffer by adjusting the padding bits to match the TB size that fits best the message size;

-
obtain the MAC PDU to transmit from the Msg3 buffer.


2.2 EDT contention resolution timer for NB-IoT

For EDT in NB-IoT, a new contention resolution timer has been introduced with the same maximum value (10.24s) as the legacy contention resolution timer:

RACH-Info-NB-v1530 ::=

SEQUENCE {


mac-ContentionResolutionTimer-r15
ENUMERATED {












pp1, pp2, pp3, pp4, pp8, pp16, pp32, pp64}

}

	mac-ContentionResolutionTimer

Timer for contention resolution in TS 36.321 [6]. Value in PDCCH periods. Value pp1 corresponds to 1 PDCCH period, pp2 corresponds to 2 PDCCH periods and so on. mac-ContentionResolutionTimer-r15 is only applicable for EDT. UE performing EDT shall use mac-ContentionResolutionTimer-r15, if present. The value considered by the UE is: mac-ContentionResolutionTimer = Min (signaled value x PDCCH period, 10.24s).


The reason we did not extend this timer for EDT in NB-IoT is that companies thought 10.24s is long enough to cover the application layer latency for the eNB to wait for possible DL data. However, we found this is not the case for the good coverage case. The unit of the contention resolution timer in NB-IoT is NPDCCH period. The length of the NPDCCH period is calculated as G*Rmax for type2-CSS, which depends on the coverage level of NPRACH resource. Thus, the maximum value of contention resolution timer is different for different coverage levels. Only for deep coverage case the timer can be 10.24s. For example, for the best coverage case, G*Rmax is only 4 ms, which means the longest contention resolution timer is only 64*4ms=256ms. From this reason, we think the value range of the contention resolution timer for good coverage case needs to be extended. The following new values can be added: 

· pp128 (0.512s for the best coverage case)

· pp256 (1.024s for the best coverage case)
· pp512 (2.048s for the best coverage case)
· pp768 (3.072s for the best coverage case)
· pp1024 (5.12s for the best coverage case)
· pp1280 (5.12s for the best coverage case)
Proposal 3: Add values pp128, pp256, pp512, pp768, pp1024 and pp1280 for the contention resolution timer for EDT.
2.3 Contention resolution MAC PDU in UP-EDT
For the UP solution, considering that DL data can be optionally multiplexed in the MAC PDU carrying the UE contention resolution Identity MAC CE, there may be the following parts carried by the MAC PDU for contention resolution:

	
	Logical Channel
	SRB/DRB
	LCID
	NB-IoT/eMTC

	UE Contention resolution identity MAC CE
	-
	-
	11100
	NB-IoT and eMTC

	MAC SDU for RRCConnectionRelease message
	DCCH
	SRB1
	00001
	NB-IoT and eMTC

	MAC SDU(s) for DL data (Optional)
	DTCH
	DRB(s)
	00011-01010
	NB-IoT: at most 2 MAC SDUs

eMTC: at most 8 MAC SDUs

	Padding MAC CE (Optional)
	-
	-
	11111
	NB-IoT and eMTC


One DRB is mapped to one EPS bearer. The main use case of EDT is one UL transmission optionally followed by one DL transmission. From this point of view, it is not expected to have data from different bearers in contention resolution MAC PDU. Thus, it is proposed that multiplexing multiple MAC SDUs for DRB in contention resolution MAC PDU is not supported.
Proposal 4: Only one MAC SDU for DRB can be multiplexed in contention resolution MAC PDU.
Annex B in TS36.321 provides 6 possible cases for MAC header structure of a MAC PDU containing contention resolution MAC CE. However, MAC SDUs for RRCConnectionRelease message and DL data in above case is not taken into account (LCID 00001 in Annex B was introduced for RRCConnectionResume message). Thus, based on above proposal 3, we think the following 2 cases need to be added to Annex B for the case that the DL data (DTCH) is multiplexed in contention resolution MAC PDU in UP solution:
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In the above cases 7 and 8, MAC SDU for RRCConnectionRelease message (DCCH) is introduced with LCID 00001. The MAC SDU for DTCH is introduced with LCID 00011-01010. Considering that the maximum DL TBS of NB-IoT and eMTC are smaller than 128bytes (2536bits for Cat.NB2 and 4008bits for Cat.M2), 15-bits L-field is not considered.
Proposal 5: Add case 7 and case 8 in Annex B for UP EDT.

3 Conclusion

This paper focused on MAC remaining issues on EDT. The corresponding proposals are listed below. 
Proposal 6: Add description about flexible TBS in TS 36.321.
Proposal 7: After CEL change, if the TBS for Msg3 transmission for the new CEL are different from the TBS for the previous CEL, the MAC entity of the UE needs to re-build the MAC PDU in Msg3 buffer to match the TBS.
Proposal 8: Add values pp128, pp256, pp512, pp768, pp1024 and pp1280 for the contention resolution timer for EDT.

Proposal 9: Only one MAC SDU for DRB can be multiplexed in contention resolution MAC PDU.

Proposal 10: Add case 7 and case 8 in Annex B for UP EDT.

MAC CR related to proposals 1, 2, 4 and 5 is provided in [2].
RRC CR related to proposal 3 is provided in [3].
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Annex B in TS36.321:
Contention resolution for RACH access

When checking whether contention resolution was successful a MAC entity considers the MAC header structures shown below for the processing of a MAC PDU containing a UE Contention Resolution Identity MAC control element.
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NOTE 1:
For Case 1 (only Contention Resolution ID is carried), the resulting MAC PDU content is of fixed size and UE interprets the rest of MAC PDU data (if any) as padding without MAC subheader for padding.

NOTE 2:
For Case 2 to Case 6, LCID of '00001' is applicable only when UE supports the CIoT EPS User Plane optimisation.
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