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1 Introduction
This document is a summary of the unofficial email discussion on “MAC layer open issues”. The intention of this is to discuss and try to align on some of the open issue list related to MAC/36.321 prior to RAN2#93bis:
The deadline of this email discussion is Wednesday, 2016-04-06, 23:59 Pacific Time. 
2 Open issues
Many agreements related to MAC have already been made and these agreements have been captured in the 36.321 running CR [1]. However there are still open issues. Some are related to lack of RAN1 agreements and detailed RRC-parameter names while some are more MAC specific. The list of open issues as provided by the MAC running CR editor is found below: 
1. Random access procedure details depending on RAN1/RRC-parameters;

2. RA-RNTI calculation details;

3. Timer lengths for random access procedure, e.g. contentionResolution, ra-ResponseWindowSize, backoff parameter value range, etc;

4. Consider to limit the number of preamble transmissions if RA failure is reported to higher layers;

5. Redundancy version usage in UL;

6. BSR/DVI usage;

7. Usage of LCID values for NB-IoT;

8. MAC PDU RAR details;

9. DTX: rules for when the UE is not required to monitor PDCCH between a transmission/reception and another transmission/reception;

10. Allowed formats for MSG4 (appendix B);

11. Start/stop of drxInactivityTimer during connected mode DRX;

12. Details on HARQ RTT timers.
Items 1,2,3,5,8 are related to missing RAN1 agreements so they are excluded from this email discussion. Further, item 10 is also excluded as this OI can easily be concluded later when all formats for NB-IoT are known.  

Thus, this email discussion focuses on the following open issues.
Issue 1: Limit the number of preamble transmissions if RA problem is reported to higher layers
It has been agreed to follow the legacy/eMTC design of the RA procedure for NB-IoT related to handling of the PREAMBLE_TRANSMISSION_COUNTER. In the current version of 36.321 [1], it is specified that the UE should report “a Random Access problem to higher layers” when the PREAMBLE_TRANSMISSION_COUNTER reaches preambleTransMax-CE. However, there is no text requiring the UE to stop transmitting preambles (i.e. Msg1) after this. 

Section 5.1.4 specifies the following:
-
if NB-IoT or if the UE is a BL UE or a UE in enhanced coverage:
-
if PREAMBLE_TRANSMISSION_COUNTER = preambleTransMax-CE + 1:

-
if the Random Access Preamble is transmitted on the SpCell:
-
indicate a Random Access problem to upper layers;
Then further down the following is specified:
-
proceed to the selection of a Random Access Resource (see subclause 5.1.2).
This results in that a new preamble transmission is done and this may continue for a long time until RRC timers expire (in case the UE initiated the RA in IDLE mode). 

The intention is to allow opportunity to recover/succeed in the time windows defined by the timers. While rapid preamble retransmission is beneficial for the initial attempts, it is less useful during a recovery phase; i.e., after preambleTransMax-CE attempts and MAC indication of RA problem to higher layer. In fact, extended periods of rapid preamble retransmissions can result in high PRACH load and interference, reduced system performance and increased UE power consumption.
For NB-IoT RRC timers are foreseen to be increased compared to legacy due to both decreased bit rate and the extended coverage to 164 dB MCL. For UEs it is important to have low power consumption so it should be discussed if reaching the preambleTransMax-CE should follow the legacy behaviour to continue preamble transmission or result in less frequent preamble transmissions until the RRC timer expires.
Issue 2: BSR/DVI usage
The following agreements have been made related to BSR/DVI usage:
RAN2#91bis:
Assume that we need to support
· …
· BSR report
RAN2#Adhoc:
· A data volume indication, indicating the data volume for subsequent transmission(s) on SRB or DRB which may not yet be established, can be sent in MSG3. It is FFS if it is always sent or just under certain conditions
RAN2#93:
· Volume indication can be sent in msg3 for NB-IoT.

· Common volume indication mechanism should be designed for solution 2 and solution 18.
During RAN2#93 proposal 3 from [2] was discussed online and this was related to if the DVI should be done on MAC or RRC level but there were no agreements. The decision was postponed with the following comment: “We will discuss proposal 3 based on other contributions later”. 
However, there was no time left for discussing this before the meeting ended. At RAN2#93 the following contributions were discussing this topic [3][4][5][6]. 
The placement of the functionality is also somewhat related to the Msg3 size discussion and on the RAN plenary meeting it was agreed that the size target is 64 bits for RRCConnectionRequest and 80 bits for RRCConnectionResumeRequest [7].
A solution for BSR/DVI should consider the following aspects:

· It should work for both solution 2 and solution 18.

· Consider the need for PHR and/or multi-tone information already in Msg3, as currently discussed in RAN1.

· Consider whether it is possible to make a generic solution for DVI/PHR that can also be sent in other UL messages than in Msg3.

· Consider whether to keep the legacy BSR/PHR mechanisms or whether to simplify these mechanisms. 

· The granularity of the UL volume information and the value range should be considered. Having the possibility to signal both small and large amounts of UL data/signalling already in Msg3 may be important to achieve efficient scheduling for NB-IoT. Hence, consider whether 4 bits are sufficient for the DVI, or if more bits are needed, or consider less granularity of the values encoded with the DVI but having a greater value range.

A solution may be based on the MAC protocol or the RRC protocol, and when deciding on a solution all the above mentioned aspects should be considered.

Note that in case the RRC protocol is chosen, the overhead will be approximately the number of bits needed for the DVI and optionally the PHR information. For the MAC protocol the overhead will be 0 bits, if the information is included in the subheader of the CCCH logical channel, 1 octet if included as an extra payload together with the CCCH logical channel or 2 octets if encoded as a new MAC control element.
Issue 3: Usage of LCID values for NB-IoT
In legacy LTE and eMTC the MAC header contains one to several sub-headers each including a LCID (except the RAR) according to section 6.1-6.2 in [1]. Not all LCID values are applicable for NB-IoT. The size of the LCID in legacy LTE is always 5 bits resulting in that there are 32 possible LCIDs. NB-IoT will have less functionality and less number of bearers (simultaneous DRBs/SRBs) compared to legacy so a smaller LCID field could be possible in some situations, e.g. for Msg3. 

As part of this the following items should be discussed:

1. What LCID values are not applicable for NB-IoT?

2. Could the LCID field length be allowed to be changed for NB-IoT?  
Issue 4: PDCCH monitoring rules
In [8] it was discussed and proposed that there is no need to require a NB-IoT UE to monitor the NPDCCH until after a downlink assignment or uplink grant has been executed. 

This was discussed at RAN2#93 but put as FFS according to the below:
· It is FFS if after a downlink assignment has been received on the NB-PDCCH the UE is not required to monitor the NB-PDCCH again until after the HARQ feedback has been transmitted.

· It is FFS if after an uplink assignment has been received on the NB-PDCCH the UE is not required to monitor the NB-PDCCH again until after the NB-PUSCH transmission.
As part of this issue the two FFS above should be discussed.

Issue 5: Start/stop of drxInactivityTimer during connected mode DRX
The start/stop conditions for the drx-InactivityTimer have been discussed both online and as part of an email discussion [9]. Basically, two different proposals, as found in [10] and [11], have been discussed. 

It has not been possible to reach consensus so the current agreement is to not make any changes to legacy behaviour as captured by the following:
· Baseline is still that we use the LTE legacy DRX (timers, triggering conditions etc) as-is also for NB-IOT (confirm previous agreement)
As part of this email discussion companies are welcome to once again discuss pros/cons with keeping the legacy behaviour compared to making changes that could enable better DRX sleep opportunities for UEs in connected mode.   
Issue 6: Details on HARQ RTT timers
In eMTC the modelling of the HARQ RTT Timers is as follows. The HARQ RTT Timer and the UL HARQ RTT Timer are started relative to the last received subframe of the PDSCH and the last transmitted subframe of the PUSCH, respectively. For the downlink transmission case the size of the HARQ RTT Timer is compensated for the repetition factor of the HARQ feedback transmission and the valid UL subframes. Due to the channel timing in eMTC/LTE this results in that there are always four subframes in-between the last subframe of the UE transmission and the start of the drx-RetransmissionTimer/drx-ULRetransmissionTimer. 

In legacy LTE the HARQ RTT Timer duration is instead modelled as a constant timer of 8 subframes.

For NB-IoT the modelling of these timers has not been discussed/agreed except that eMTC should be the baseline. It should be discussed if the same modelling as for eMTC should be re-used for NB-IoT, i.e. 

1. UL: the timer is constant and started on the last subframe of the NPUSCH transmission.

2. DL: the timer is variable and started on the last subframe of the NPDSCH transmission.

3 Discussion
Issue 1: Limit the number of preamble transmissions if RA problem is reported to higher layers 
Option 1: Reduce/delay the preamble transmission after a RA problem is reported to higher layers.

Option 2: Continue as legacy to transmit preambles (Msg1) in the same way when a RA problem is reported to higher layers.
	COMPANY
	COMMENT

	Ericsson
	We prefer option 1. This could be achieved by adding a new parameter broadcasted on SI to delay the preamble transmissions with a certain time when PREAMBLE_TRANSMISSION_COUNTER > preambleTransMax-CE. 

	Huawei
	We prefer Option 1. However there is no need to add a new parameter in system information, how to reduce/delay the preamble transmission after a RA problem is reported to higher layers can be left to UE implementation.

	ZTE
	Option 2.

We prefer to keep this similar to the legacy procedure for LTE R13.


Issue 2: BSR/DVI usage
Companies are asked to provide their view on how the BSR/DVI handling should be done by discussing solutions and the pros and cons for them. A preference of the placement in MAC vs RRC could also be indicated according to the two different options: 
Option 1:
Placement of buffer/data volume functionality in MAC.
Option 2:
Placement of buffer/data volume functionality in RRC 
	COMPANY
	COMMENT

	Ericsson
	We prefer that the DVI is signaled on the MAC layer due to that:

· this information is needed by the MAC scheduler in the eNB, 

· a generic solution is possible for reporting data volume independent of Msg3 or later transmissions, 

· a solution on RRC would result in that reporting is done on two protocol layers,

· it follows general LTE layer principles and builds on the legacy LTE function split,

· it would be possible to combine also other information needed in Msg3 such as for example a short PHR as input for the scheduler to do link adaptation,
· the specification effort needed to include this on MAC is not more compared to a solution in RRC 

We see no benefits of having this functionality specified as part of RRC.

For the MAC solution we think that a new MAC CE of a single octet including a DVI field should be introduced. When the LCID=CCCH this octet should always be included together with the CCCH MAC SDU. The MAC CE should also be possible to be sent standalone, i.e. a new LCID should be defined for it. The size of the DVI field should be 4-5 bits (exact size FFS). Other fields such as a shorter PHR field (~2 bits) could also be included as part of this new MAC CE. When this new MAC CE is introduced we consider this to replace the legacy BSR reporting. New simpler reporting rules compared to legacy BSR should be introduced, for example the UE could always include the new CE in an UL MAC PDU if new data has become available. Finally, we should define a new table for the volume size levels, but the exact content should be set after RAN1 has agreed on the possible TB sizes.

	Huawei
	We support Option1. Since RAN1 has already agreed a short PHR is needed in Msg3, a new MAC CE which includes DVI and short PHR is a reasonable way. The new MAC CE should be always included in Msg3 and has no MAC CE sub-header, i.e. as an extra payload together with the CCCH logical channel. If DVI and PHR are included in other UL messages than in Msg3, the MAC CE sub-header is needed. The DVI field can be 4bits and short PHR can be 2bits.

	ZTE
	Option 1. BRS/DVI can be included in a new MAC CE (whose presence together with the CCCH SDU could be identified e.g. by a specific LCID, without requiring a MAC CE sub-header, see also R2-162355). The new MAC CE could include a 4 bits DVI field, 2 bits PHR,1 bit “multi-tone support” indication & 1 bit “multi-PRB” indication.


Issue 3: Usage of LCID values for NB-IoT
Companies are asked to provide their view on the following two questions:

1. What LCID values are not applicable for NB-IoT?
2. Could the LCID field length be allowed to be changed for NB-IoT?  

	COMPANY
	COMMENT

	Ericsson
	1: The following DL LCID values from Table 6.2.1-1 are applicable to NB-IoT:
- CCCH
- Identity of the logical channel
- UE Contention Resolution Identity
- Timing Advance Command
- DRX Command
- Padding
The following UL LCID values from Table 6.2.1-2 are applicable to NB-IoT:
- CCCH
- Identity of the logical channel
- Power Headroom Report (FFS-1)
- C-RNTI
- Truncated BSR (FFS-2)
- Short BSR (FFS-2)
- Long BSR (FFS-2)
- Padding

FFS-1: If this and/or a new PHR potentially combined with DVI should be discussed, see also answer on item 2 above.
FFS-2: These and/or a new DVI is discussed as part of issue 2 above.

2: In general we think that the LCID should be kept as in legacy but we are open to discuss a shorter version for example for Msg3 if an optimized subheader is needed by for example using the F2-bit to signal this. 

	Huawei
	Supported DL-SCH LCID (not applicable values struck out): 
Table 6.2.1-1 Values of LCID for DL-SCH

Index

LCID values

00000

CCCH

00001-01010

Identity of the logical channel

01011-10111
Reserved

11000

Activation/Deactivation (4 octets)

11001
SC-MCCH, SC-MTCH (see note)
11010
Long DRX Command
11011

Activation/Deactivation (1 octet)

11100

UE Contention Resolution Identity

11101

Timing Advance Command

11110

DRX Command

11111

Padding

Supported UL-SCH LCID (not applicable values struck out): 
Table 6.2.1-2 Values of LCID for UL-SCH

Index

LCID values

00000

CCCH

00001-01010

Identity of the logical channel

01011
CCCH
01100-10101
Reserved

10110

Truncated Sidelink BSR

10111

Sidelink BSR

11000

Dual Connectivity Power Headroom Report

11001

Extended Power Headroom Report

11010

Power Headroom Report

11011

C-RNTI

11100
Truncated BSR

11101

Short BSR

11110

Long BSR

11111

Padding

1. The Power Headroom Report Truncated BSR, short BSR and long BSR can be replaced of the new MAC CE which includes PHR and DVI.
2. We are open to this question. More spare bits are useful for the future if the LCID length can be reduced, however we don’t think the general octet alignment for the MAC sub-header should change (i.e. recovered bits should be converted to reserved, not removed).

	ZTE
	For Question 1, agree with Ericsson about DL-SCH LCID (DRX Command seems applicable) and with Huawei about UL-SCH LCID (Power Headroom Report Truncated BSR, short BSR and long BSR could be replaced by the new MAC CE, including DVI and PHR)I

For Question 2, we prefer to keep the same LCID field length for possible future extension.


Issue 4: PDCCH monitoring rules
Companies are asked to provide their view on the following two questions:

1. After a downlink assignment is received should the UE be required to monitor the NPDCCH until after the associated HARQ feedback has been transmitted?
2. After an uplink grant uplink assignment has been received should the UE be required to monitor the NPDCCH again until after the NPUSCH transmission? 

	COMPANY
	COMMENT

	Ericsson
	No on both questions, i.e. we believe that a release-13 NB-IoT half-duplex UE should not be required to monitor the NPDCCH until after the transmission finished for a grant/assignment.

	Huawei
	Agree with Ericsson.

	ZTE
	Agree with Ericsson


Issue 5: Start/stop of drxInactivityTimer during connected mode DRX
Companies are asked to discuss pros and cons with using legacy behaviour compared to making changes to the start/stop conditions for the drx-InactivityTimer. 
	COMPANY
	COMMENT

	Ericsson
	Using legacy rules for the drx-InactivityTimer, means either that the length must be set to such a long duration that it causes too much battery usage for the UE, or the timer will not be useful, since it will be impossible to get a consistent behavior due to the highly varying transmission times to complete one HARQ attempt (the transmission time varies with TBS, coverage level and deployment mode). Hence, it is difficult to see how the drx-InactivityTimer can have any useful purpose if defined according to legacy rules.

The main problems with the legacy rules are that the start/restart of the timer is connected to the NPDCCH transmission occasion and not to the shared data channels (NPDSCH/NPUSCH) and that the timer only is (re-)started at the initial HARQ transmission. The latter is not a problem for legacy LTE and eMTC as multiple HARQ processes typically run in parallel when a higher layer SDU is transmitted that ensures re-start of the timer as long as there is more data being scheduled in different HARQ processes. For NB-IoT there is only one HARQ process per direction so the re-start of the timer must wait until all potential HARQ retransmissions have finished.

We think that changes to the start/re-start rules are needed to reduce the NB-IoT UE power consumption. Re-starting the drx-InactivityTimer at the end of each completed HARQ process, including re-transmissions, means that the timer can be set to an optimal small value for ensuring a suitable time that the UE can be awake for the next possible transmission. With this rule, the drx-InactivityTimer has a purpose, which is to allow the UE to be awake for a short time period until the next transmission is needed and at the same time reserve the DRX cycle for longer sleep times.

	Huawei
	Since the UL HARQ is asynchronous, there is no way to anticipate the timer interval between two transmissions. If drx-InactivityTimer uses the legacy modelling, it should be long enough for the initial transmission and all possible retransmissions of a MAC PDU.

There is no need to run the drx-InactivityTimer during an initial transmission or possible retransmission because the single process HARQ means that a new MAC PDU will be transmitted until the previous MAC PDU is complete.

Thus, we prefer to change the starting point for drx-InactivityTimer, to the end of an initial transmission or retransmission of a MAC PDU.


Issue 6: Details on HARQ RTT timers
Companies are asked to provide their view on if the eMTC modelling of the HARQ RTT Timers for UL/DL can be re-used, i.e.:

1. UL: the timer is constant and started on the last subframe of the NPUSCH transmission.
2. DL: the timer is variable and started on the last subframe of the NPDSCH transmission.

	COMPANY
	COMMENT

	Ericsson
	We believe that the same modeling as for eMTC should be used.  We therefore propose adding the following text to section 7.7 after the eMTC change:
For NB-IoT the HARQ RTT Timer is set to k+3+N, where k is the interval between the NPDSCH transmission and the transmission of the associated HARQ feedback and N is the transmission duration in subframes of the associated HARQ feedback.

	Huawei
	We prefer to reuse the eMTC modelling. We agree that the UL HARQ RTT timer is constant, while the DL HARQ RTT timer is variable related with the CE level.

	ZTE
	Ok to reuse the same modeling as for eMTC 


Discussion Summary
Three companies participated in the email discussion on a subset of the MAC open issues, Ericsson, Huawei and ZTE. Below is a summary of the views of the different companies and some observations/proposals.
Issue 1: Limit the number of preamble transmissions if RA problem is reported to higher layers
Two companies think that the preamble transmission should be reduced after a RA problem is reported to higher layers (i.e. when PREAMBLE_TRANSMISSION_COUNTER > preambleTransMax-CE). Among those one company thinks a delay broadcasted on SI should be introduced and the other thinks behaviour should be left for UE implementation. One company thinks legacy behaviour should be re-used. 

As two companies think some changes are needed RAN2 should discuss if changes are needed.

Proposal 1: RAN2 to discuss UE behaviour wrt continued preamble transmission when the PREAMBLE_TRANSMISSION_COUNTER is above preambleTransMax-CE.

Issue 2: BSR/DVI usage
All three companies agree to introduce DVI on MAC level by adding 1 byte together with the CCCH (without requiring a MAC CE sub-header). The DVI should have 4 bits and a 2 bit PHR field should also be included. Two companies expressed that the DVI+PHR should also be possible to be sent standalone after Msg3 by including a MAC CE sub-header (i.e. a new LCID) and the third company expressed this as part of issue 3 below. One company think that also IOT-bits (multi-tone and multi-PRB) should be included together with DVI/PHR in the same octet in Msg3.

Proposal 2: DVI/PHR in Msg3 should be added in MAC as one byte when the LCID is CCCH. The DVI field should be 4 bits and the PHR field 2 bits. The DVI/PHR reporting should also be introduced as a new standalone MAC CE.
Proposal 3: RAN2 to discuss if additional bits such as IOT-bits should be added in Msg3 together with the DVI/PHR information.
Issue 3: Usage of LCID values for NB-IoT
On the DL LCID for DL all companies agree that the following is applicable for NB-IoT:
- CCCH
- Identity of the logical channel
- UE Contention Resolution Identity
- Timing Advance Command
- * DRX Command
- Padding
As NB-IoT only supports one connected mode DRX cycle there is only need for one DRX command so RAN2 should decide which of the two that should be kept.
Proposal 4: The following five DL LCIDs are applicable for NB-IoT: “CCCH”, “Identity of the logical channel”, “UE Contention Resolution Identity”, “Timing Advance Command”, ”Padding” and RAN2 to select one of either “DRX Command” or “Long DRX Command”. 

On the UL LCID for DL all companies agree that the following is applicable for NB-IoT:
- CCCH
- Identity of the logical channel
- C-RNTI
- Padding

Two companies clearly expressed that there is no need for the BSR/PHR-related LCIDs. The third company expressed that this is dependent on if a standalone MAC CE for DVI/PHR is introduced as discussed on issue 2 above.

Proposal 5: The following four UL LCIDs are applicable for NB-IoT: “CCCH”, “Identity of the logical channel”, “C-RNTI”, and ”Padding”. Dependent on the agreement on proposal 2 above BSR/PHR-related might be needed. 
On the question if the LCID field could be allowed to change for NB-IoT two companies are open for discussing changes and one company prefers to keep legacy length for future extensibility.

Proposal 6: RAN2 to discuss (based on contributions) if need arises to change the length of the LCID field for NB-IoT. 

Issue 4: PDCCH monitoring rules
All three companies agree that a NB-IoT UE shall not be required to monitor the NPDCCH after a downlink assignment is received until after the associated HARQ feedback has been transmitted and after an uplink grant uplink assignment has been received until after the NPUSCH transmission (related to the FFS from RAN2#93).
Proposal 7: After a downlink assignment has been received on the NPDCCH the UE is not required to monitor the NPDCCH again until after the associated HARQ feedback has been transmitted. 
Proposal 8: After an uplink grant has been received on the NPDCCH the UE is not required to monitor the NPDCCH again until after the NPUSCH transmission.
Issue 5: Start/stop of drxInactivityTimer during connected mode DRX
Only two companies commented on this question and both agree that the drx-InactivityTimer needs to be started at the end of the transmission/re-transmission.
Proposal 9: The drx-InactivityTimer should be started at the end of the transmission/re-transmission of each MAC PDU.
Issue 6: Details on HARQ RTT timers
All companies agree to re-use the eMTC modelling of the HARQ RTT timers, i.e. the “UL HARQ RTT Timer” is constant and started on the last subframe of the NPUSCH transmission and the “HARQ RTT Timer” is variable and started on the last subframe of the NPDSCH transmission.
Proposal 10: The “UL HARQ RTT Timer” is constant and started on the last subframe of the NPUSCH transmission and the “HARQ RTT Timer” is variable and started on the last subframe of the NPDSCH transmission.

4 Proposals Summary
Proposal 1: RAN2 to discuss UE behaviour wrt continued preamble transmission when the PREAMBLE_TRANSMISSION_COUNTER is above preambleTransMax-CE.

Proposal 2: DVI/PHR in Msg3 should be added in MAC as one byte when the LCID is CCCH. The DVI field should be 4 bits and the PHR field 2 bits. The DVI/PHR reporting should also be introduced as a new standalone MAC CE.

Proposal 3: RAN2 to discuss if additional bits such as IOT-bits should be added in Msg3 together with the DVI/PHR information.

Proposal 4: The following five DL LCIDs are applicable for NB-IoT: “CCCH”, “Identity of the logical channel”, “UE Contention Resolution Identity”, “Timing Advance Command”, ”Padding” and RAN2 to select one of either “DRX Command” or “Long DRX Command”.

Proposal 5: The following four UL LCIDs are applicable for NB-IoT: “CCCH”, “Identity of the logical channel”, “C-RNTI”, and ”Padding”. Dependent on the agreement on proposal 2 above BSR/PHR-related might be needed.

Proposal 6: RAN2 to discuss (based on contributions) if need arises to change the length of the LCID field for NB-IoT.

Proposal 7: After a downlink assignment has been received on the NPDCCH the UE is not required to monitor the NPDCCH again until after the associated HARQ feedback has been transmitted. 
Proposal 8: After an uplink grant has been received on the NPDCCH the UE is not required to monitor the NPDCCH again until after the NPUSCH transmission.
Proposal 9: The drx-InactivityTimer should be started at the end of the transmission/re-transmission of each MAC PDU.

Proposal 10: The “UL HARQ RTT Timer” is constant and started on the last subframe of the NPUSCH transmission and the “HARQ RTT Timer” is variable and started on the last subframe of the NPDSCH transmission.
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