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1 Introduction
During RAN2#91bis meeting, L field in MAC header was discussed in [2][3][4]. One email was left: 
[91bis#26][LTE/CA-enh] L field in MAC header (Huawei) 

-     Discussion extension of L field in MAC header (related to R2-154342)

-     Intended outcome: Email discussion report to next meeting.

Companies are invited to provide their input to this email discussion. Deadline is Thursday, 2015-11-05, 23:59 Pacific Time.   
2 Background
In RAN2#91 meeting, an agreement was approved that L field in MAC PDU for 32 CCs shall be extended from 15 bits to 16bits. In RAN2#91bis meeting, how to extend the L field to 16bits, i.e. where to put the new bit within the MAC PDU, how to indicate the 16bits L field and the relation to SO field was discussed.
3 Discussion
MAC PDU format

In RAN2#91bis meeting, at least the following options were proposed about MAC PDU format:

Option A: The R bit is reused to extend the L field, but not for additional R bits [2-3]
In [1-3], The R bit is reused as F2 bit and EL bit to extend the L field to 16bits. In this way, a minor change is performed and no additional byte has to be added. So it is simple. The difference between A1 and A2 is whether F2 bit (A1 option) or EL bit (A2 option) is used as L field. 
A1) Use the F field for the extension L bit and F2 for L field indication in the case of 16 bits L field[2]
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Figure 2.1-1: Option A1
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A2) Use EL field for the extension L bit in the case of 16 bits L field [3]
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Figure 2.1-2: Option A2


Option B: The R bit is reused to extend both the L field and for additional R bits [4]

In this way, The R bit is reused to extend both the L field to 16bits and additional R bits. One more byte is added to the current format. It provides many R bits for future use. 
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Figure 2.1-3: Option B
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The companies are invited to give your preference and comments for option A and option B in the below table.
Table 3.1-1: Discussion for Topic 1 

	Companies
	Preference
	Comments

	LG
	A1
	We don’t see the need for reserving extra 7 R bits. Thus, we don’t prefer option B.
Between two options in option A, we think A1 looks simple.

	Ericsson
	B
	We foresee that at some point in time there will be the need to extend LCIDs. To do this, we need to use one R-bit.
We now are going to extend the L-field and for this we need to use one R-bit.
However, we cannot use one of the existing R-bits (in Octet 1) to introduce a new LCID bit and the other R bit to extend the L-field, since in that case we have no R-bit left to extend the MAC headers.
We therefore should use one of the R-bits in Octet 1 for extending the MAC header (we called this X in the above example in Figure 2.1-3) and hence there is only one R-bit left in Octet 1. We should then decide whether to use such R-bit left in Octet 1 for extending the L-field (as in Option A) or reserve this for future use cases, e.g. extending the LCID field by 1 bit.
In overhead critical cases (e.g. MTC, VoLTE, etc.) it is obviously not important to support 16-bit L-fields. But LCID extension is likely to be important also in such cases.
So to summarize, we should use one R-bit in Octet 1 to extend the MAC header in order to support 16-bit MAC L field for which the overhead of an additional octet is negligible. The other R bit in Octet 1 should be saved to introduce in the future a new LCID bit, not to extend the L-field. In this way the new LCID bit in Octet 1 can also be employed in overhead sensitive applications (e.g. MTC, VoLTE, etc) without the need to extend the MAC header to support it.

	Huawei, HiSilicon
	A1 
	We also do not see the need for additional R bits now. If more extensions are needed in future, the last R bit can be used for future extension.
A1 is simpler than A2.


	Nokia Networks
	A1
	From fast processing point of view it is beneficial to have 16 bit L-field as two full octets. On the additional R bits we agree with LG and Huawei.

	ZTE
	A1
	We are not sure how faster A1 could be, compared with A2. But from standard point of view, A1 is slightly simpler than A2, as it has no “F” field.

	CATT
	A1
	On the additional R bits, we have same view as HW, LG and Nokia Network. 
Comparing A1 and A2, in A2 L field includes two separate parts: EL and legacy L field, so A1 is simpler and preferred. 

	Samsung
	A
	Option B allocates too much R bits, and we may not need to have such many reserved bits even if we consider future use.

We don’t have a strong preference between A1 and A2 (if majority preference is A1, we are fine with it)

	NTT DOCOMO
	A1
	Option A1 is simplest solution.

Regarding Option A2, even while it has the advantage to reduce the overhead in a particular case, it may make implementation complicated and the gain is marginal (less than 1% overhead reduction). 

Regarding Option B, although it may be future-proof, we would like to utilise current format as much as possible. We can define the new header format in the future if we identify the problem with the current format.

	Qualcomm
	A1
	This is the simple solution for this problem. We can add more R bits for future problems if needed. 

	Intel
	A1
	A1 is slightly simpler than A2, and we don’t see the need to reserve extra R bits for now.

	MediaTek
	A1
	The simplest solution.


The necessity of reused R bit for 8 bits L field 
With respect to whether the R bit is reused for 8 bits L field, at least the following options in RAN2#91bis meeting were considered:

Option A: the R bit is not reused for 8 bits L field [2]

In [2], the R bit is not reused for 8 bits L field case, the purpose of L field extension is 256 QAM and 8X8 MIMO. 128 ~ 255 byte MAC SDU is a legacy case, when the Length of a MAC SDU is 128 ~ 255 byte the legacy MAC PDU with 15 bits L field is used. 
A) the F2 field indicates the size of the Length field as showed in table 2.2-1.
Table 2.2-1 Values of F/F2 field:

	Index of F2
	Index of F
	Size of Length field (in bits)

	0
	0
	7

	
	1
	15

	1
	-
	16


Option B: the R bit is reused for 8 bits L field [3-4]
In [2-4], the R bit is also reused for 8 bits L field case; it is optimized for the legacy case. The UE has to decide the L field length further by F bit, i.e. 8 bits or 16 bits.
B1) the EL field indicates the size of the Length field as showed in table 2.2-2
Table 2.2-2 Values of EL/L field:
	Length of a MAC SDU  or MAC CE
	Alternative 1:
To apply the EL
 only to long L field
	Alternative 2:
To apply the EL
 both to long L field and to short one 

	1 ~ 127 byte
	EL = 0, short L field 
	EL = 0, short L field

	128 ~ 255 byte
	EL = 0, long L field
	EL = 1, short L field

	256 ~ 32767 byte
	EL = 0, long L field
	EL = 0, long L field

	32768 ~ 65535 byte
	EL = 1, long L field
	EL = 1, long L field


B2) the X field indicates the size of the Length field as showed in table 2.2-3
Table 2.2-3 Values of X/F2 field:
	Index of X
	Index of F2
	Size of Length field (in bits)

	0
	0
	7

	1
	0
	8

	0
	1
	15

	1
	1
	16


B3) By using the format in Option A1, the F2 field indicates the size of the Length field as shown in table 2.2-4. The use of R/F2/E/LCID subheader is configured by RRC.
Table 2.2-4 Values of F2 field:

	Length of a MAC SDU or MAC CE
	Index of F2
	Size of Length field (in bits)

	0~255 bytes
	0
	8

	256~65535 bytes
	1
	16


The companies are invited to give your preference and comments for option A and option B in the below table.
Table 3.2-1: Discussion for Topic 2 

	Companies
	Preference
	Comments

	LG
	B3
	It would be less complex for the UE to use the new format (R/F2/E/LCID) for all MAC PDUs if the use of it is configured. Moreover, with this option, there is no issue of using same format for both RLC AM and RLC UM.


	Ericsson
	B2
	The introduction of the extension field in Octet 1 gives the possibility to use the existing F field to indicate a new 8-bit L field without increasing design complexity.

Additionally, the introduction of a new 8-bit MAC L field might be beneficial for future LTE functionalities. For instance as illustrated in Figure 2.1-3, some of the reserved bits can be used for new LCIDs without the need to use the extended 16-bit MAC L field.

	Huawei, HiSilicon
	A
	128 ~ 255 byte MAC SDU is a legacy case, 128 ~ 255 byte MAC SDU is not proved as more frequent case than other Length MAC SDU..
We do not think that this legacy case needs to be optimized. We should only focus on 256QAM and 8x8 MIMO case.  


	Nokia Networks
	A
	We do not see a need to change the behaviour for 128 – 255 byte MAC SDU. It is enough to introduce the new L-field length only for the very large MAC SDUs.

	ZTE
	A
	We are not sure how much benefit we can have by optimizing the 128 – 255 bytes MAC SDU.

	CATT
	A
	MAC L field extension is due to 8 layer MIMO, so we donot see the necessity to reuse R bit for 8 bits field. 


	Samsung
	A or B1
	If we go for A1 format, it may not be easy to accommodate 8 bit L field. In this case A would be the logical choice

If we go for A2 format, 8 bit L field would come almost free. In this case B1 would be logical 

	NTT DOCOMO
	A
	We are not sure of the necessity to optimize behaviour for 128 – 255 byte MAC SDU and thus would like to keep it as it is.

	Qualcomm
	A
	No need to optimize for short field as there is no important use case.

	Intel
	A
	We don’t see the need to optimize 128~255 byte case.

	MediaTek
	A
	Do not see the need for optimization.


The RRC configuration and relation to SO field
In last RAN2 meeting, we agreed that 16 bits RLC SN and 16 bits SO should be configured together for reducing RLC PDU segment format [6]. The SO field defined in [5] indicates the position of the AMD PDU segment in bytes within the original AMD PDU, normally, it is better that the length of SO is equal to the length of L field in a MAC PDU. However SO field is only suitable for RLC AM bear, the L field should be applied both RLC AM and UM bear.
With respect to The RRC configuration and relation to SO field, the following options can be considered.
Option A: without RRC configuration, the R bit is also reused for L field extension indication
There is no RRC configuration for MAC PDU changing between 7 bits L field and 15 bits L field in legacy release. Similar with legacy, in this option, there is also no RRC configuration changing from 7/15 bits L field to 8/16bis L field for MAC PDU. The R bit is also reused for L field extension indication. 
Option B: with RRC configuration, separate MAC L extension configuration with RLC SO extension configuration 
The usage of R bit is configured by RRC in this option. The MAC L extension configuration is separated with RLC SO extension configuration. It depends on the network implementation whether The MAC L extension configuration is configured with RLC SO extension configuration together in RLC AM mode. 
Option C: with RRC configuration, couple MAC L extension configuration with RLC SO extension configuration
The usage of R bit is configured by RRC in this option. The network always configures the MAC L extension with RLC SO extension together. It means that MAC L field extension for RLC UM mode is also coupled with RLC AM mode e.g. even 8X8 MIMO or 256 QAM is only needed for UM bear, the RLC AM SO has to be configured. 
The companies are invited to give your preference and comments for option A, option B and option C in the below table.
Table 3.3-1: Discussion for Topic 3 

	Companies
	Preference
	Comments

	LG
	B
	As MAC and RLC are independent layers, the configuration should be separate.

	Ericsson
	C
	Option A has the drawback that the new extended 16-bit L field might not be supported by the network. Therefore the network has to explicitly indicate in dedicated RRC signalling that the extended MAC L field is supported. 

Benefit of Option B is not clear since the RLC SO should mirror the employed MAC L field, i.e. support of 16-bit MAC L field implies support of 16-bit RLC SO field.
Regarding the sentence “It means that MAC L field extension for RLC UM mode is also coupled with RLC AM mode” it is not clear to us what it is meant with that, since RLC SO should be used only for AMD PDU segments. Could you please clarify?
Regarding the sentence “There is an ambiguous period during RRC reconfiguration” it is not clear to us what it is meant with this ambiguity issue. Could you please clarify?

	Huawei, HiSilicon
	A
	In legacy release, there is no RRC configuration for MAC PDU changing between 7 bits L field and 15 bits L field
There is also an ambiguous period during RRC reconfiguration, e.g. the network maybe sends a new format MAC PDU before the UE finish the RRC reconfiguration. In this case the UE will discard the whole MAC PDU.
So we think that no RRC configuration is needed.


	Nokia Networks
	A
	Similar to legacy, it is better that MAC header format is not configured by RRC. For RLC SO we assume that eNB can configure 16 bit RLC SO when it intends to use very large MAC SDUs. We assume that there will be a separate UE capability for MAC 16 bit L-field and another for RLC 16 bit SN/SO and a UE supporting 16 bit MAC L-field shall also support 16 bit RLC SO.

	ZTE
	C
	The eNB needs to indicate the UE whether it supports 16 bit L field. Maybe we can use the system information (e.g. SIB1) for the indication, so as to avoid the ambiguity of RRC reconfiguration.

	CATT
	A
	Same view as Nokia Networks. 

	Samsung
	B or C
	First of all, we are not sure how A really works. As indicated by Ericsson, UE does not know which one between the new format and the old format should be used. 

It is also unclear to us how to determine SO field size in Option A. If not configured by RRC, RLC needs to know L field length to determine the SO field length

Between Options B and C, we do not have strong view, but slightly prefer Option B for the clarity i.e. indicating MAC L extension separately, along with RLC configuration. Note that RLC configuration is per bearer while MAC configuration is per UE. We are also fine with Option C if majority want.


	NTT DOCOMO
	A (or B)
	If we assume that the new bit is applicable only for the case of 32768 ~ 65535 byte MAC SDU (e.g., Option A in the section 3.2), Option A will be beneficial to avoid RRC signalling (UE may determine whether 16 bit L is used by observing the TBS or configuration of 8x8 MIMO). Otherwise, RRC configuration (Option B) is needed for the backward compatibility issue. 
Regarding Option C, we think that this Option may bring the unnecessary implementation and testing effort in case where the number of CCs is increased but TBS is not increased. In this case, extended RLC SN is needed but extended L field is not needed. Therefore, the separate configuration of extended RLC SN and extended L field should be allowed. 



	Qualcomm
	C
	It makes sense to couple the extended L to extended SO where the latter can be signalled in the RLC-Config.

	Intel
	A
	We think it is better to align with legacy behaviour that RRC reconfiguration is not needed when MAC PDU size is changed. We also had the concern on ambiguity period during RRC reconfiguration of MAC L field.

If the extension of L bit is designed in backward compatible manner (e.g. Option A1), there is no need to indicate whether eNB supports the new format since legacy eNB uses legacy format anyway. 

	MediaTek
	C
	It is simple and clear for eNB to signal the configuration.


4 Summary
After the comments collection, there are the below observations:
Oberservation1: for MAC PDU format issue, the big majority is option A1.  

Oberservation2: for the necessity of reused R bit for 8 bits L field issue, the big majority is option A.

Oberservation3: for the RRC configuration and relation to SO field issue, the majority is option A; however some companies still think there are backward compatibility issue without RRC configuration. Some companies also think the extension MAC L field can be coupled with RLC SO, even MAC L field is per UE, and RLC SO is per bear. 
Form the above the observations, we suggest the below proposals 

Proposal1: for MAC PDU format issue, option A1 is adopted.

Proposal2: for the necessity of reused R bit for 8 bits L field issue, option A is adopted.
Proposal3: for the RRC configuration and relation to SO field issue, we can continue this discussion on-line and discuss whether the backward compatibility issue can be solved by the UE capability report and the network implantation.
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Figure 2.1-2: Option A2
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Figure 2.1-3: Option B
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Figure 2.1-1: Option A1
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