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1. Introduction
At RAN1#103e meeting, following agreements and conclusions related to enhancements for unlicensed band URLLC were made [1]:
	Agreements:
· In semi-static channel access mode, a single FFP (periodicity and offset) is associated to an initiating device (gNB or UE) at a given time which can be used for the purpose of channel occupancy. The FFP configuration that is used for initiating channel occupancy purposes, is such that it shall not be changed for at least 200ms
Conclusion:
· For operation on unlicensed channels and irrespective of the adopted LBT mechanism (LBE or FBE), all transmissions in DL and UL are controlled by gNB similarly to licensed channels, and potential collisions or blocking are controlled/mitigated by gNB.
Agreement:
· UE-to-gNB COT sharing in semi-static channel access mode with a gap > 16us is supported
Conclusion:
· If a device X at a given time is initiating a COT, the applicable FFP for the device X is the FFP associated with X. 
· If a device X at a given time is sharing a COT initiated by a device Y, the applicable FFP for the device X is the FFP associated with Y.
· Note 1: One of the devices X and Y is a UE and the other is its serving gNB.
· Note 2: Whether or not there is additional restriction on idle period is still FFS. 
Agreements:
Down-select one of the following options (target RAN1#104-e):
· Option 1: Both “CG-UCI based procedures” and “CG-DFI based procedures” are enabled or disabled for unlicensed using one RRC parameter i.e. cg-RetransmissionTimer-r16.
· Option 2-a: “CG-UCI based procedures” and “CG-DFI based procedures” are independently enabled or disabled for unlicensed using respective RRC parameter, i.e. new parameter X and cg-RetransmissionTimer-r16, respectively.
· Option 2-b: “CG-UCI based procedures” and “CG-DFI based procedures” are independently enabled or disabled for unlicensed using respective RRC parameter, i.e. new parameter X and new parameter Y, respectively, where X and Y are different from cg-RetransmissionTimer-r16.
· Option 3: CG-UCI based procedures are supported for unlicensed. CG-DFI based procedures are enabled or disabled for unlicensed using one RRC parameter i.e. cg-RetransmissionTimer-r16
· Note: Procedures based on CG-UCI rely on UE including CG-UCI in CG PUSCH at least as in Rel-16 where the values of the respective fields of CG-UCI are decided by UE.
· Note: Procedures based on CG-DFI rely on automatic re-transmission on CG configuration and reception of CG downlink feedback information (DFI) in DCI for re-transmissions. 
Agreements:
· The gNB configures a UE to initiate semi-static CO in an unlicensed channel(s) only if the gNB configures the UE also with the higher layer parameters of the gNB’s initiating semi-static CO in the same channel(s).
· Note: UE initiated FBE configuration is configured per serving cell
Agreements:
In semi-static channel access mode, FFP Period for UE-initiated COT is separately provided from FFP period for gNB-initiated COT.
· Note: Any value for the period, shall be at least 1ms and at most 10ms.
· Note: Aim for low complexity operation to handle gNB and UE COT interactions
Agreements:
In semi-static channel access mode, a UE should be able to determine whether a scheduled UL transmission should be transmitted according to shared gNB COT or UE-initiated COT. 
· UE determines the initiator of a COT based on at least one of the following alternatives:
· Alt.1: Introduce additional bit field in the scheduling DCI
· Alt.2: Based on ChannelAccess-CPext field in DCI
· Alt.3: Based on a predetermined rule(s)
· Alt.4: Based on RRC signalling
· Alt.5: Based on MAC CE
· FFS other alternatives
· FFS on overriding possibility and/or the assumption
· Note: A scheduled UL transmission cannot be transmitted according to both shared gNB COT and UE-initiated COT.
Agreements:
In semi-static channel access mode:
· When a configured UL transmission is aligned with a UE FFP boundary and ends before the idle period of that UE FFP associated to the UE, down-select one of the following:
· Alt-a: If the transmission is confined within a gNB FFP before the idle period of that gNB FFP, and the UE has already determined that gNB is initiated that gNB FFP, UE assumes that the configured UL transmission corresponds to gNB-initiated COT. Otherwise, UE assumes that the configured UL transmission corresponds to UE-initiated COT
· Alt-b: The UE assumes that the configured UL transmission corresponds to UE-initiated COT.
· Alt-c: The UE assumption on whether the configured UL transmission is allowed to correspond to UE-initiated COT is based on gNB configuration.
· When a configured UL transmission starts after a UE FFP boundary and ends before the idle period of that UE FFP associated to the UE:
· If the UE has already initiated the UE FFP, then UE assumes that the configured UL transmission corresponds to UE-initiated COT
· Otherwise, If the transmission is confined within a gNB FFP before the idle period of that gNB FFP, and if the UE has already determined that gNB has initiated that gNB FFP, then UE assumes that the configured UL transmission corresponds to gNB-initiated COT.
· FFS on other conditions for determining the corresponding UE or gNB initiated COT
· Note: A configured UL transmission cannot be transmitted according to both shared gNB COT and UE-initiated COT.



In the following section, UE-initiated COT for FBE and harmonizing UL CG enhancements especially related to the highlighted parts are discussed.

2. UE-initiated COT for FBE
2.1. UE-initiated COT in IDLE/INACTIVE mode
In Rel.16 NR-U, only gNB can initiate COT (i.e., every COT starts from DL) for FBE operation and hence, UL transmission is not allowed at the beginning of FFP. To reduce the UL latency, UE-initiated COT has been decided to be specified in Rel.17. While FBE operation makes LBT simple, the main drawback of FBE is that when the initiating device fails to initiate COT at the beginning of an FFP due to LBT failure, no node can access the channel during the FFP. In addition, as shown in Fig. 1, when gNB configures CG-PUSCH (or SR/PRACH if applicable) transmission occasion at the beginning of FFP for UE to initiate COT for low latency purpose but actually CG-PUSCH is not transmitted at the occasion, e.g., because of no UL traffic, UE does not initiate COT at the FFP. From gNB perspective, gNB blind-decodes CG-PUSCH at the occasion because gNB doesn’t know whether or not CG-PUSCH is actually transmitted at the occasion, which means that gNB cannot initiate COT at the FFP. As the consequence, no node can access the channel during the FFP, which leads to significant system performance degradation.
To address the issue, it was agreed at RAN1#102e that the start of FFP for UE-initiated COT can be different from the start of FFP for gNB-initiated COT. As shown in Fig. 2, starting position of FFP for UE-initiated COT of UE2 is different from that of UE1 (and that of gNB) so that different UEs can successively try to acquire COT when prior UEs could/did not initiate COT. This can reduce the UL latency and is beneficial for CG-PUSCH and PUCCH. However, regarding PRACH, it was discussed in RAN1#103e whether IDLE/INACTIVE mode UE can initiate COT but no consensus was reached [2]. It is our understanding that the specification work in this WI should focus on URLLC perspective as stated in the WID, and PRACH should not be used to initiate COT in IDLE/INACTIVE mode as URLLC work has focused on CONNECTED mode only. Note that initial access is supported in Rel.16 for gNB-initiated COT and no enhancement is necessary.
Proposal 1:
· UE in IDLE/INACTIVE mode does not initiate COT, i.e., PRACH is not used to initiate COT in IDLE/INACTIVE mode.
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Figure 1.  Issue when CG-PUSCH transmission occasion is configured at the beginning of FFP
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Figure 2.  FFP for UE-initiated COT with different starting position from that of gNB-initiated COT


2.2. Period and offset of FFP in UE-initiated COT
Regarding the FFP configuration for UE-initiated COT, following points are still FFS:
1. Whether FFP parameters for UE-initiated COT can be provided to the UE by SIB1 in addition to dedicated RRC signalling
2. Values of the FFP period
3. Whether the FFP period for UE-initiated COT is integer factor or multiple of the FFP period of the gNB-initiated COT
4. Offset of FFP

Regarding the 1st point, as discussed above, we think UE-initiated COT can be applied to the UEs in CONNECTED mode only, and hence, dedicated RRC signalling is enough to provide FFP parameters for UE-initiated COT.
Proposal 2:
· FFP parameters for UE-initiated COT can be provided to the UE by dedicated RRC signalling only, i.e., not provided by SIB1.

[bookmark: _GoBack]Regarding the 2nd point, it is beneficial to align the starting point of FFP in UE-initiated COT and CG-PUSCH/PUCCH (SR/CSI) transmission occasion to initiate COT efficiently. As shown below, almost all the periodicity of CG-PUSCH/SR/CSI, except for the values shorter than 1ms as highlighted by gray, align with at least one of the FFP period of {1, 2, 2.5, 4, 5, 10}ms supported for gNB-initiated COT, i.e., the periodicity of CG-PUSCH/SR/CSI is multiple of at least one of these values. Therefore, we think the same FFP values as gNB-initiated COT are sufficient for UE-initiated COT.
Proposal 3:
· Following values are supported for the period of an FFP for the UE-initiated COT:
· 1ms, 2ms, 2.5ms, 4ms, 5ms, 10ms

	periodicity
Periodicity for UL transmission without UL grant for type 1 and type 2 (see TS 38.321 [3], clause 5.8.2).
The following periodicities are supported depending on the configured subcarrier spacing [symbols]:
15 kHz:	2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 320, 640}
30 kHz:	2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 640, 1280}
60 kHz with normal CP	2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1280, 2560}
60 kHz with ECP:	2, 6, n*12, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1280, 2560}
120 kHz:	2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1024, 1280, 2560, 5120}

	periodicityExt
This field is used to calculate the periodicity for UL transmission without UL grant for type 1 and type 2 (see TS 38.321 [3], clause 5,8.2). If this field is present, the field periodicity is ignored.
The following periodicites are supported depending on the configured subcarrier spacing [symbols]:
15 kHz:	periodicityExt*14, where periodicityExt has a value between 1 and 640.
30 kHz:	periodicityExt*14, where periodicityExt has a value between 1 and 1280.
60 kHz with normal CP:	periodicityExt*14, where periodicityExt has a value between 1 and 2560.
60 kHz with ECP:	periodicityExt*12, where periodicityExt has a value between 1 and 2560.
120 kHz:	periodicityExt*14, where periodicityExt has a value between 1 and 5120.

	periodicityAndOffset
SR periodicity and offset in number of symbols or slots (see TS 38.213 [13], clause 9.2.4) The following periodicities may be configured depending on the chosen subcarrier spacing:
SCS =  15 kHz: 2sym, 7sym, 1sl, 2sl, 4sl, 5sl, 8sl, 10sl, 16sl, 20sl, 40sl, 80sl
SCS =  30 kHz: 2sym, 7sym, 1sl, 2sl, 4sl, 8sl, 10sl, 16sl, 20sl, 40sl, 80sl, 160sl
SCS =  60 kHz: 2sym, 7sym/6sym, 1sl, 2sl, 4sl, 8sl, 16sl, 20sl, 40sl, 80sl, 160sl, 320sl
SCS = 120 kHz: 2sym, 7sym, 1sl, 2sl, 4sl, 8sl, 16sl, 40sl, 80sl, 160sl, 320sl, 640sl

sym6or7 corresponds to 6 symbols if extended cyclic prefix and a SCS of 60 kHz are configured, otherwise it corresponds to 7 symbols.
For periodicities 2sym, 7sym and sl1 the UE assumes an offset of 0 slots.



CSI-ReportPeriodicityAndOffset ::=  CHOICE {
    slots4                              INTEGER(0..3),
    slots5                              INTEGER(0..4),
    slots8                              INTEGER(0..7),
    slots10                             INTEGER(0..9),
    slots16                             INTEGER(0..15),
    slots20                             INTEGER(0..19),
    slots40                             INTEGER(0..39),
    slots80                             INTEGER(0..79),
    slots160                            INTEGER(0..159),
    slots320                            INTEGER(0..319)
}

Regarding the 3rd point, from UE perspective, as shown in Table 1, FFP period of 2.5 ms or 4 ms of UE-initiated COT may not be integer factor or multiple of the FFP period of the gNB-initiated COT. These values are important to align with the periodicity of CG-PUSCH/SR/CSI as discussed above. Assuming FFP period for UE-initiated COT is provided by dedicated RRC signalling, the period should be configurable with possible different value from that of gNB-initiated COT and also from other UEs so that flexible configuration of FFP in conjunction with the different starting position is configured by gNB. For example, as shown in Fig.3, starting position and period of FFP for UE-initiated COT of UE2 are different from those of UE1 (and those of gNB) so that different UEs can successively try to acquire COT when prior UEs could/did not initiate COT while achieving fair chance to acquire COT among gNB and UEs for some periodicity.
Proposal 4:
· FFP period for UE-initiated COT is independently provided from the FFP period for gNB-initiated COT and is independently provided among UEs

Table 1.   Configurations when the longer FFP is an multiple of the shorter one
	
	
	FFP period of gNB-initiated COT [ms]

	
	
	1
	2
	2.5
	4
	5
	10

	FFP period of UE-initiated COT [ms]
	1
	Yes
	Yes
	
	Yes
	Yes
	Yes

	
	2
	Yes
	Yes
	
	Yes
	
	Yes

	
	2.5
	
	
	Yes
	
	Yes
	Yes

	
	4
	Yes
	Yes
	
	Yes
	
	

	
	5
	Yes
	
	Yes
	
	Yes
	Yes

	
	10
	Yes
	Yes
	Yes
	
	Yes
	Yes
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Figure 3.  FFP for UE-initiated COT with different starting position and period from those of gNB-initiated COT

Regarding the 4th point, as discussed above, flexible configuration of the starting position (i.e. offset) is beneficial for achieving fair chance to acquire COT among gNB and UEs for some periodicity and also for aligning with the CG-PUSCH/PUCCH transmission occasions which may be different among UEs to avoid collisions. Therefore, the offset of FFP should be able to be configured with an arbitrary number with symbol level granularity subject to Offset < FFP period.
Proposal 5:
· Offset of FFP for UE-initiated COT can be configured with an arbitrary number with symbol level granularity subject to Offset < FFP period


2.3. Determination of gNB and UE COTs
Regarding the determination of gNB and UE COTs, following points are still FFS:
1. COT associated indication for scheduled UL
2. COT associated indication for configured UL
3. Whether UE can be explicitly signaled to initiate a COT in an upcoming FFP associated to the UE
4. Explicit indication from UE to gNB that UE has initiated a COT

Regarding the 1st and 2nd points, basically UE can determine whether the scheduled UL is associated to gNB-initiated COT or UE-initiated COT according to the alignment between the scheduled resources and the UE FFP boundary if UE has not initiated COT as shown in Case 1 and 2 in Fig 4. However, as shown in Cases 3a and 3b in Fig. 4, it was discussed whether UE can initiate COT when gNB has already initiated COT. We think gNB-to-UE COT sharing is enough for transmitting the UL from URLLC perspective and don’t see the motivation to introduce the case when multiple COTs are initiated. As the case when a configured UL transmission starts after a UE FFP boundary and ends before the idle period of that UE FFP associated to the UE has been already agreed, following three cases are proposed:
Proposal 6:
· When a scheduled/configured UL transmission is aligned with a UE FFP boundary and ends before the idle period of that UE FFP associated to the UE,
· If the transmission is confined within a gNB FFP before the idle period of that gNB FFP, and the UE has already determined that gNB is initiated that gNB FFP, UE assumes that the configured UL transmission corresponds to gNB-initiated COT.
· Otherwise, UE assumes that the configured UL transmission corresponds to UE-initiated COT
· When a scheduled UL transmission starts after a UE FFP boundary and ends before the idle period of that UE FFP associated to the UE:
· If the UE has already initiated the UE FFP, then UE assumes that the scheduled UL transmission corresponds to UE-initiated COT
· Otherwise, if the transmission is confined within a gNB FFP before the idle period of that gNB FFP, and if the UE has already determined that gNB has initiated that gNB FFP, then UE assumes that the configured UL transmission corresponds to gNB-initiated COT.
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Figure 4.  COT association for scheduled/configured UL (from R1-2009781)

Regarding the 3rd point, we think current specification is enough to enable/disable COT initiation. For dynamically scheduled UL, DL/UL grant can be used to schedule the UL at the beginning of next COT explicitly, and hence, no additional signaling is necessary. For configured UL, assuming semi-static flexible symbols are configured for the UL corresponding to the beginning of next FFP and SFI is configured for the UE in shared spectrum, the configuration of EnableConfiguredUL can enable/disable the COT initiation semi-statically. If gNB wants to dynamically change the UE behavior of enabling/disenabling COT initiation by configured UL such as CG-PUSCH, scheduling a DG-PUSCH overlapping with the CG-PUSCH is enough as DG-PUSCH can override CG-PUSCH.
Proposal 7:
· No additional specification is necessary for the indication to initiate a COT in a next FFP associated to the UE

Regarding 4th point, we think no explicit indication is necessary as gNB knows whether the UE has initiated a COT in the FFP by detecting UL transmission, similar to the UE behaviour in gNB-initiated COT, assuming that the detection accuracy should be sufficiently high for URLLC use case. 
Proposal 8:
· No explicit indication is necessary for UE to indicate to gNB that it has initiated a COT in an FFP


3. Harmonizing UL configured-grant enhancements in NR-U and URLLC
In Rel.16, CG-PUSCH has been enhanced both in URLLC/IIoT and NR-U and the enhanced features are summarized in Table 2. CG-DFI and CG-UCI has to be indicated in unlicensed band for CG-PUSCH in current spec. CG-DFI and CG-UCI are useful to improve UL HARQ operation when there is frequent LBT failure. CG-UCI is also useful to indicate COT sharing information to gNB. While for URLLC use case and in controlled environment, Rel.16 URLLC CG features would be enough. Therefore it should be supported that both CG-PUSCH with/without CG-DFI or CG-UCI can be configured by gNB for flexible CG-PUSCH operation. At RAN1#103e, following options were discussed but no consensus was achieved:
· Option 1: Both “CG-UCI based procedures” and “CG-DFI based procedures” are enabled or disabled for unlicensed using one RRC parameter i.e. cg-RetransmissionTimer-r16.
· Option 2-a: “CG-UCI based procedures” and “CG-DFI based procedures” are independently enabled or disabled for unlicensed using respective RRC parameter, i.e. new parameter X and cg-RetransmissionTimer-r16, respectively.
· Option 2-b: “CG-UCI based procedures” and “CG-DFI based procedures” are independently enabled or disabled for unlicensed using respective RRC parameter, i.e. new parameter X and new parameter Y, respectively, where X and Y are different from cg-RetransmissionTimer-r16.
· Option 3: CG-UCI based procedures are supported for unlicensed. CG-DFI based procedures are enabled or disabled for unlicensed using one RRC parameter i.e. cg-RetransmissionTimer-r16
· Note: Procedures based on CG-UCI rely on UE including CG-UCI in CG PUSCH at least as in Rel-16 where the values of the respective fields of CG-UCI are decided by UE.
· Note: Procedures based on CG-DFI rely on automatic re-transmission on CG configuration and reception of CG downlink feedback information (DFI) in DCI for re-transmissions. 

As the configuration of cg-RetransmissionTimer-r16 is used for CG-DFI based procedures, it is straightforward to enable/disable CG-DFI based procedures by cg-RetransmissionTimer-r16. Therefore we prefer Option 2-a.
Proposal 9:
· Support Option 2-a: “CG-UCI based procedures” and “CG-DFI based procedures” are independently enabled or disabled for unlicensed using respective RRC parameter, i.e. new parameter X and cg-RetransmissionTimer-r16, respectively.

Table 2.  Configured grant (CG) features supported in Rel.16 NR-U and Rel.16 URLLC (from R1-2005376)
	CG features
	Rel.16 URLLC
	Rel.16 NR-U

	Multiple CG configurations
	Supported 
	Supported 

	HARQ process number/ ID determination
	Associated with the configured/indicated first TO, calculated based on the equation defined in TS 38.321
	Decide and reported by the UE in CG-UCI

	Management of HARQ process number/ ID among multiple CG configurations
	Not shared between different CG configurations in the same BWP
	Can be shared between different CG configurations in the same BWP

	RV determination 
	One of the three RV sequence can be configured and associated with TO
{0,0,0,0}; {0,3,0,3}; {0,2,3,1}
	Decided and reported by the UE in CG-UCI

	Flexible initial transmission occasion (TO) 
	If the CG is configured with Configuredgrantconfig-StartingfromRV0 set to ‘off’, the initial transmission only starts at the first TO of the K repetitions; otherwise, the initial transmission TO depends on the configured RV sequence and K repetitions. 
	Multiple consecutive potential TOs are configured by cg-nrofPUSCH-InSlot-r16 and cg-nrofSlots-r16, can start initial transmission at any TOs depending on the LBT results.

	Repetition scheme(s)
	PUSCH repetition Type A and PUSCH repetition Type B
	Similar as PUSCH repetition Type B without supporting segmentation. (no support of cross-slot resource allocation, and if collide with invalid symbol(s), drop the repetition)

	CG-Downlink feedback information (DFI)
	No support. If Re-scheduling UL grant is not received, UE assumes ACK.
	Support, If CG-DFI is not received, UE assumes NACK. 

	CG Re-transmission timer
	No support
	Support and always configured

	CG Re-transmission scheme
	Only support Re-transmission scheduled by UL grant
	Support automatic re-Transmission on the same or different CG configuration decided by UE, and support re-Transmission scheduled by UL grant



It was agreed at RAN1#102-e that, at least for FBE, configuration of cg-RetransmissionTimer is not mandated when CG is configured on unlicensed spectrum, which means CG-PUSCH with/without CG-DFI can be configured by gNB. It is our understanding that controlled environment is not limited to FBE operation, rather it is operator’s choice whether FBE or LBE is adopted as long as unexpected interference from other systems and/or radio access technology only sporadically happens. Therefore, the above agreement should be applied to LBE as well.
Proposal 10:
· Configuration of cg-RetransmissionTimer is not mandated when CG is configured on unlicensed spectrum for both FBE and LBE


4. Conclusion
In this contribution, we discussed the uplink enhancements for URLLC in unlicensed controlled environments. Based on the discussion, we made following proposals.
Proposal 1:
· UE in IDLE/INACTIVE mode does not initiate COT, i.e., PRACH is not used to initiate COT in IDLE/INACTIVE mode.
Proposal 2:
· FFP parameters for UE-initiated COT can be provided to the UE by dedicated RRC signalling only, i.e., not provided by SIB1.
Proposal 3:
· Following values are supported for the period of an FFP for the UE-initiated COT:
· 1ms, 2ms, 2.5ms, 4ms, 5ms, 10ms
Proposal 4:
· FFP period for UE-initiated COT is independently provided from the FFP period for gNB-initiated COT and is independently provided among UEs
Proposal 5:
· Offset of FFP for UE-initiated COT can be configured with an arbitrary number with symbol level granularity subject to Offset < FFP period
Proposal 6:
· When a scheduled/configured UL transmission is aligned with a UE FFP boundary and ends before the idle period of that UE FFP associated to the UE,
· If the transmission is confined within a gNB FFP before the idle period of that gNB FFP, and the UE has already determined that gNB is initiated that gNB FFP, UE assumes that the configured UL transmission corresponds to gNB-initiated COT.
· Otherwise, UE assumes that the configured UL transmission corresponds to UE-initiated COT
· When a scheduled UL transmission starts after a UE FFP boundary and ends before the idle period of that UE FFP associated to the UE:
· If the UE has already initiated the UE FFP, then UE assumes that the scheduled UL transmission corresponds to UE-initiated COT
· Otherwise, if the transmission is confined within a gNB FFP before the idle period of that gNB FFP, and if the UE has already determined that gNB has initiated that gNB FFP, then UE assumes that the configured UL transmission corresponds to gNB-initiated COT.
Proposal 7:
· No additional specification is necessary for the indication to initiate a COT in a next FFP associated to the UE
Proposal 8:
· No explicit indication is necessary for UE to indicate to gNB that it has initiated a COT in an FFP
Proposal 9:
· Support Option 2-a: “CG-UCI based procedures” and “CG-DFI based procedures” are independently enabled or disabled for unlicensed using respective RRC parameter, i.e. new parameter X and cg-RetransmissionTimer-r16, respectively.
Proposal 10:
· Configuration of cg-RetransmissionTimer is not mandated when CG is configured on unlicensed spectrum for both FBE and LBE
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