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1		Introduction
In this contribution, we provide our view on aspects related to configured UL grant for NR-U.
2	Discussion
[bookmark: _Ref4445887][bookmark: _Hlk521059043]2.1	Time domain resource configuration
The following agreement agreement was made during RAN1 AH 1901:
Agreement:
For configured grant resource configuration in time domain, the following alternatives are to be studied with more detailed proposal and analysis, strive to down-select in RAN1#96:
· Alt. 1: Bitmap based approach as baseline with potential enhancement
· Companies are encouraged to provide detailed design in next meeting
· Alt. 2: NR Rel-15 based time domain resource allocation approach as baseline with potential enhancement
· Companies are encouraged to provide detailed design in next meeting

AUL in feLAA
Alternative 1 is inspired by Rel-15 feLAA for which semi-persistent scheduling (SPS) was the baseline for the autonomous uplink (AUL) feature. SPS in LTE is supported by RRC configuration of an UL transmission opportunity every X subframes. The only way to indicate contiguous SPS subframes in the time domain is to set the SPS periodicity to X = 1 subframe. However, it was felt that this is not always desirable, especially if the eNB wants to reserve some subframes for DL transmissions or reduce the number of UEs competing for access in certain subframes. For this reason, the introduction of a bitmap provided more flexibility than configuring AUL periodicity. Using the bitmap, the eNB assigned any set of consecutive resources without being obligated to assign all subframes for a particular AUL UE. The bitmap was used to indicate the allowed time resources on a subframe level.
Configured Grants in NR
In NR Rel-15, it is desirable introduce feLAA AUL type behavior; however, it is important to recognize that the baseline is Type1 and Type2 configured grants (CG). Hence one should consider what enhancements are needed over and above this baseline to enable the desired behavior. Like for SPS in LTE, the CG periodicity is RRC configured and this is specified in the ConfiguredGrantConfig IE. Different periodicity values are supported in NR Rel-15 depending on the subcarrier spacing. For example, for 15 and 30 kHz SCS, the following periodicities are supported, expressed in a number of OFDM symbols:
· 15kHz SCS
· 2, 7, and n*14 OFDM symbols
· where n ∈ {1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 320, 640} 
· 30kHz SCS
· 2, 7, and n*14 OFDM symbols
· where n ∈ {1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 640, 1280} 

For Type1 configured grants, in addition to the periodicity, the time domain allocation of PUSCH is configured purely via RRC signalling: 
· [bookmark: _Hlk521068000]timeDomainOffset: Provides a slot offset with respect to SFN 0
· timeDomainAllocation: Provides an index into a table of 16 possible combinations of PUSCH mapping type (TypeA or TypeB), start symbol S for the mapping (S = OFDM symbol 0, 2, 4, or 8 within a slot), and length L of the mapping (L = 4, 6, 8, 10, 12, or 14 OFDM symbols).  

For the case of Type2 configured grants, the periodicity is configured by RRC in the same way as for Type1, but the slot offset is dynamically indicated and is given by the slot in which the UE receives the DCI that activates the Type2 configured grant. In contrast to Type1, the time domain allocation of PUSCH is indicated dynamically by DCI via the time domain resource assignment field in the same way as for scheduled (non-CG) PUSCH. This DCI field indexes a table of start symbol and length (SLIV) values. For example, in order to configure consecutive UL transmission opportunities without TB repetition, one could configure the repetition parameter to repK = n1, and one of the following possible RRC configured periodicities and DCI-indicated SLIV combinations:
· Periodicity = 2 symbols; S = 0, L = 2 	(7 PUSCH transmission opportunities per slot)
· Periodicity = 7 symbols; S = 0, L = 7 	(2 PUSCH transmission opportunities per slot)
· Periodicity = 14 symbols; S = 0, L = 14	(1 PUSCH transmission opportunity per slot)

All configurations enable one or more PUSCH transmission opportunities per slot and the opportunity for transmission in consecutive slots.
While the above configurations are indeed beneficial for unlicensed operation since they allow UL transmission without gaps, they do limit gNB flexibility in assigning or excluding specific slots/mini-slots for configured grant transmissions. A simple mechanism for the gNB to be able to disable certain slots/mini-slots is to introduce a new bitmask parameter that complements NR Rel-15 behavior. With such a bitmask, the UE is allowed to transmit PUSCH on a CG resource only if the relevant bit in the bitmask is set to ‘1.’
Figure 1 shows an example where the UE is configured with Periodicity of 7 symbols and is provided  a SLIV value indicating S = 0, L = 7 (2 PUSCH transmission opportunities per slot). In this example, a slot-level bitmask example of length 10 bits is used on top of the NR Rel-15 periodicity/slot offset: [1,1,1,1,0,0,1,1,1,0]. The combination of the configured periodicity, the indicated SLIV, and the bitmask provides the flexibility needed to enable multiple starting positions within a slot, while still being able to exclude certain slots from being used for UL CG transmissions. It can be further discussed what resolution should be Supported for the bitmask, e.g., slot level granularity, half-slot granularity, 2-symbol granularity, etc.

[image: ]
[bookmark: _Ref4305311]Figure 1: CG-time resources based on both Periodicity + configured bitmask
[bookmark: _Toc4791901]On top of the configured periodicity and configured/indicated slot offset of an NR Rel-15 UL configured grant (CG), support an RRC configured bitmask to indicate which CG time resources  are enabled/disabled. 
[bookmark: _Toc4791902]FFS: Configuration details of the bitmask including length and granularity

Figure 2 shows a more detailed example of the configuration of a 40-bit bitmask for two different configured CG periodicities, 1 slot and 5 slots. The diagram shows that the bitmask is configured in such a way to disable UL transmission opportunities in the first 10 slots of a radio frame, for example  if a 10-slot DRS transmission window is used (5 ms @ 30 kHz SCS). We note that for this simple example, since the bitmask pattern is identical for both radio frames, it would not be strictly necessary to configure a 40-bit bitmask; 20 bits (1 radio frame) would suffice. As proposed above, it can be further discussed what granularity is needed for the configuration of the bitmask length. In general, however, it may make sense that the length of the bitmask is an integer multiple of the number of slots in a radio frame.
In this example, Type 2 CG is used, and the UE receives a DCI-based activation of the CG in Slot 12 of the first radio frame. The UE assumes that the reference point for the start of the bitmask is the start of the same radio frame in which the CG activation is received. For the case of Type 1 CG, the reference point would be SFN 0. Very simply, the UE determines if a particular slot is available for an UL CG transmission simply by performing a logical AND function between the corresponding bit in the bitmask and the corresponding bit in the pattern determined by the configured periodicity and the configured (Type1 CG) or dynamically indicated (Type2 CG) slot offset.
In Example 1 in the diagram where the UE is configured with 1-slot periodicity, the first 10 UL transmission opportunities in each radio frame are disabled. In Example 2 where the UE is configured with 5-slot periodicity, the first 2 UL transmission opportunities are disabled. Conceptually, one may think of the bitmask as a form of UL reserved resources like those is used in the DL for PDSCH rate matching. In this case, the bitmask indicates whether or not certain UL slots are reserved and cannot be used for UL CG transmissions. 
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Table 1 illustrates what enhancement would be needed to the ConfiguredGrantConfig IE in 38.331  in order to enable this behavior. Clearly, the specification impact is very small. The new parameter slotMask-r16 (highlighted in red) is optionally configured, meaning that if the gNB does not configure it, no UL transmission opportunities are disabled, i.e., the UE falls back to Rel-15 behavior. We emphasize that all other fields in the IE are interpreted according to NR Rel-15 UE behavior. The only change that is needed to UE behavior is an addition to 38.214 along the lines of “If the UE is configured with higher layer parameter slotMask-r16, then the UE may assume that a slot is available for PUSCH transmission configured by ConfiguredGrantConfig if the corresponding bit in slotMask-r16 is set to one, otherwise the slot is not available for PUSCH transmission.   This closely parallels the defined rate matching behavior for PDSCH according to RB-level rate matching resources. 
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[bookmark: _Ref4316879]Figure 2: Example configuration of 40-bit bitmask and resulting UL transmission opportunities for two different CG periodicities: 1 slot and 5 slots
[bookmark: _Ref4318395]Table 1: Modification of Rel-15 ConfiguredGrantConfig IE to include bitmask of length 10, 20, 40, or 80 bits.
[bookmark: _Hlk4315383]ConfiguredGrantConfig ::=           SEQUENCE {
    frequencyHopping               		ENUMERATED {intraSlot, interSlot}                               	OPTIONAL,  	-- Need S,
    cg-DMRS-Configuration          		DMRS-UplinkConfig,
    mcs-Table                      		ENUMERATED {qam256, qam64LowSE}                                   	OPTIONAL,  	-- Need S
    mcs-TableTransformPrecoder      	ENUMERATED {qam256, qam64LowSE}                                   	OPTIONAL,  	-- Need S
    uci-OnPUSCH                     	SetupRelease { CG-UCI-OnPUSCH }                                   	OPTIONAL,  	-- Need M
    resourceAllocation              	ENUMERATED { resourceAllocationType0, resourceAllocationType1, dynamicSwitch },
    rbg-Size                        	ENUMERATED {config2}                                              	OPTIONAL,  	-- Need S
    powerControlLoopToUse           	ENUMERATED {n0, n1},
    p0-PUSCH-Alpha                  	P0-PUSCH-AlphaSetId,
    transformPrecoder               	ENUMERATED {enabled, disabled}                                     	OPTIONAL,  	-- Need S
    nrofHARQ-Processes              	INTEGER(1..16),
    repK                            	ENUMERATED {n1, n2, n4, n8},
    repK-RV                         	ENUMERATED {s1-0231, s2-0303, s3-0000}                           	OPTIONAL,  	-- Need R
    periodicity                     	ENUMERATED {
                                                sym2, sym7, sym1x14, sym2x14, sym4x14, sym5x14, sym8x14, sym10x14, sym16x14, sym20x14,
                                                sym32x14, sym40x14, sym64x14, sym80x14, sym128x14, sym160x14, sym256x14, sym320x14, sym512x14,
                                                sym640x14, sym1024x14, sym1280x14, sym2560x14, sym5120x14,
                                                sym6, sym1x12, sym2x12, sym4x12, sym5x12, sym8x12, sym10x12, sym16x12, sym20x12, sym32x12,
                                                sym40x12, sym64x12, sym80x12, sym128x12, sym160x12, sym256x12, sym320x12, sym512x12, sym640x12,
                                                sym1280x12, sym2560x12
    },
    configuredGrantTimer                    INTEGER (1..64)                                              	OPTIONAL, 	-- Need R
    rrc-ConfiguredUplinkGrant               SEQUENCE {
        timeDomainOffset                        INTEGER (0..5119),
        timeDomainAllocation                    INTEGER  (0..15),
        frequencyDomainAllocation               BIT STRING (SIZE(18)),
        antennaPort                             INTEGER (0..31),
        dmrs-SeqInitialization                  INTEGER (0..1)                                             	OPTIONAL,	-- Need R
        precodingAndNumberOfLayers              INTEGER (0..63),
        srs-ResourceIndicator                   INTEGER (0..15)                                            	OPTIONAL,	-- Need R
        mcsAndTBS                               INTEGER (0..31),
        frequencyHoppingOffset                  INTEGER (1.. maxNrofPhysicalResourceBlocks-1)              	OPTIONAL,	-- Need R
        pathlossReferenceIndex                  INTEGER (0..maxNrofPUSCH-PathlossReferenceRSs-1),
        ...
    }                                                                                                      	OPTIONAL,  	-- Need R
    ...,
    [[
    slotMask-r16                         	CHOICE {
        len10                               	BIT STRING (SIZE(10)),
        len20                               	BIT STRING (SIZE(20)),
        len40                               	BIT STRING (SIZE(40)),
        len80                               	BIT STRING (SIZE(80))
    }                                                                                                    	OPTIONAL,   -- Need R
    ]]
}

2.2	Multiple Active CG Configurations 
As in NR Rel-15, the PUSCH transmitted on the configured UL resources should follow the exact scheduling information provided by the gNB (where the PUSCH starts, for how long, DMRS location, and the MCS). The same principle should be followed in NR-U, i.e., the UE should not be allowed to deviate from these instructions. Allowing the PUSCH to float within the slot based on LBT outcome (using puncturing or rate matching) is neither favourable from a performance perspective nor from a  gNB and UE implementation perspective. Therefore, supporting multiple starting positions based on UE autonomously adjusting any of the gNB instructions (mainly DMRS location or MCS) should not be considered.
NR Rel-15 already supports multiple starting points for a configured UL grant through use of flexible Type B PUSCH mapping and flexible periodicity. Any enhancement of multiple starting points, if needed, should be based on simple extensions.
In the previous section we included an example of how to enable multiple starting positions using existing CG configurations available in NR Rel-15. However, if TypeB PUSCH mapping (mini-slots) are used for all UL transmission opportunities, overhead (DMRS and UCI) may be higher than desirable. Hence, one such simple extension is to support a mechanism by which a CG-UE can switch to slot-based transmissions after channel access is obtained.
Such a mechanism has already been agreed RAN1#95 [2] within the NR URLLC SI whereby a UE can be provided with multiple active configured grants:
	Agreements:
· Multiple active configured grant configurations for a given BWP of a serving cell should be supported at least for different services/traffic types and/or for enhancing reliability and reducing latency 
· FFS details
· Note: it is understood that the above may be related to RAN2-led work on intra-UE multiplexing

Multiple active configured grant configuration can be a means to allow the UE to switch to slot-based transmissions after initiating the COT to minimize DMRS and UCI overhead. For example, the gNB can activate two separate configurations for a UE, for example
· Configuration 1:
· Periodicity = 7 symbols; S = 0, L = 7 	(2 PUSCH transmission opportunities per slot)
· Configuration 2:
· Periodicity = 14 symbols; S = 0, L = 14 (1 PUSCH transmission opportunity per slot)

The UE can first make use of Configuration 1 at the beginning of a COT. During the COT, the UE may switch to slot-based transmissions according to Configuration 2. While this type of behavior may be useful, it can also be considered as a non-essential optimization. Based on this we observe the following
[bookmark: _Toc4445310][bookmark: _Toc4446698][bookmark: _Toc1045872][bookmark: _Toc1045911][bookmark: _Toc1045873][bookmark: _Toc1045912][bookmark: _Toc1045874][bookmark: _Toc1045913]If two configured grant configurations per BWP of a serving cell are configured with different periodicities, a UE may switch from the higher periodicity to the lower periodicity after channel access is obtained.
2.3	DFI Content
During the SI phase, the following agreements were made [2] relating to explicit HARQ feedback for UL CG transmissions:
The following modifications to the configured grant procedures are beneficial. 
-	…
-	Introducing Downlink Feedback Information (DFI) including HARQ feedback for configured grant transmission
…
It is identified to be beneficial to support DFI to include pending HARQ ACK feedback for prior configured grant transmissions from the same UE.
…
UE may autonomously initiate retransmission for a HARQ process that was initially transmitted via configured grant mechanism for NR-unlicensed when it receives NACK feedback via DFI for the corresponding HARQ process.

As stated in the above, explicit HARQ feedback for CG PUSCH transmissions has been agreed for unlicensed operation. This has been referred to as downlink feedback information (DFI). This is in contrast to NR Rel-15 which supports only implicit ACK feedback. To enable implicit ACK feedback, the UE configures a timer when it performs an UL transmission with configured grant. If the timer expires and the UE has not received a dynamic grant scheduling an UL retransmission, then it treats this as an explicit ACK of the initial transmission. The issue for unlicensed operation, is that due to hidden nodes not sensed by the UE prior to an UL CG transmission, the gNB may fail to detect the UL transmission. Hence it is not safe for the UE to assume ACK if the timer expires. For this reason, the following (opposite) behavior was agreed in RAN1#96 whereby the UE assumes NACK upon timer expiration instead of ACK:
Agreement:
For initial transmission on configured grant resource, HARQ retransmission on configured grant resource upon configured grant timer expiration (assume NACK if no ACK is received) is supported
· Note: Include this agreement in an LS to RAN2 informing them of relevant RAN1 agreements

With this pair of agreements, the UE may perform re-transmissions on UL configured grant resources based on either timer expiration or explicit DFI carrying HARQ feedback. What has not yet been agreed is the DFI content and means to signal it.
For DFI content we propose the following:
[bookmark: _Toc4791903]Support DFI containing a HARQ-ACK bitmap with one bit per configured HARQ process.
2.4	CBG-Based Re-transmissions
The following agreement was made in RAN1#96 regarding retransmissions in the case that PUSCH is configured with multiple CBGs:
Agreement:
For PUSCH transmitted using CG, CBG-based retransmission is supported at least by using dedicated scheduled resource allocated by an UL grant.
· FFS: CBG-based retransmission using a configured grant
· Note: Include this agreement in an LS to RAN2 informing them of relevant RAN1 agreements

CBG based transmission enables individual ACK/NACK for each CBG and the UE retransmits only the failed CBGs. This can reduce unnecessary retransmissions of part of a TB. This agreements states that the individual CBGs are retransmitted using a dynamically scheduled grant. CBG-based retransmissions on UL CG resources is FFS.
We observed that if CBG-based retransmissions are allowed on UL CG resources, several problems arise. Firstly, the UCI on top of indicating RV, NDI, and HARQ ID, would also need to include a bitmap that indicates the transmitted CBG(s) in every PUSCH. Secondly, the length of the DFI would increase significantly in order to provide HARQ feedback per CBG instead of just per TB. Lastly, if only a subset of CBGs are retransmitted, some UL CG resources would be wasted. Based on this we propose the following:
[bookmark: _Toc4445313][bookmark: _Toc4446701][bookmark: _Toc4791904]If CBG is enabled for UL transmissions with configured grant (CG), support CBG-based retransmissions using ONLY dedicated scheduled UL resources. CBG-based retransmissions are not supported on an UL CG.
2.5	UCI Mapping and Content
In RAN1#96, the following was agreed:
Agreement:
When a UE initiates a channel occupancy with a transmission using a configured grant, it can signal at least the following
· The duration that the gNB is allowed to transmit in the channel occupancy initiated by the UE
· FFS: 
· How the duration is signalled
· Whether the UE should signal continued use of the COT for its own transmissions
· LBT priority class

One of the FFS points is signaling the LBT priority class in UCI. In our view this is needed since it informs the gNB what priority class value was used to acquire the channel. Hence, if the gNB shares the COT with the UE, it will know that it can transmit DL data only with equal or higher priority class values.
[bookmark: _Toc4446703][bookmark: _Toc4791905]Support UCI for UL configured grant that includes the LBT priority class value used by the UE to access the channel.
[bookmark: _Toc4445318]Multiple starting positions, as discussed in Section 2.1, help increase the channel access granularity. However, given that the gNB does not know when the UE will transmit on the configured UL resources, the gNB does not know when the UE will transmit for full or partial slot transmission. A method is needed to help the gNB detect the start of a configured UL transmission without significantly increasing the processing burden on the gNB.
Within a UL transmission with configured grant, DMRS and UCI should be mapped in a way so that the gNB can verify a valid configured UL transmission as early as possible to give more processing time for the gNB to demod/decode the configured UL transmission.
As discussed in the next section, it is desirable to keep the Rel-15 UCI multiplexing rules as they are, hence we propose
[bookmark: _Toc4791906]The UCI is mapped using the Rel-15 UCI multiplexing rules. 
2.6	Starting Time Offsets
During RAN1 AH 1901, the following agreement was made: 
Agreement:
· Support multiple UE starting time offsets with sub-symbol granularity with FeLAA AUL approach as the baseline
· FFS: Enhancements specific to NRU

For LTE-LAA, the UE starting time offset falls within the first symbol of the subframe. UCI is always mapped from the second symbol and indicates if PUSCH starts at the first or second symbol of the subframe. For NR-U, the situation is a bit more complicated since the PUSCH starting position can be at multiple positions in the slot depending on the configured periodicity and time domain allocation (start and length indicator values). Also, DMRS can be configured in the first symbol of the slot. 
If DMRS patterns for Type B mapping are not modified to support UE starting offset, the UE starting time offset should be an offset value until the boundary of the first symbol of the CG resource. To align the design with Type A mapping, the same procedure is used in case of Type A mapping. Instead of puncturing the first symbol of the CG resource, the UE extends the first symbol to the earlier symbol depending on the offset value. The UCI is mapped using the Rel-15 UCI multiplexing rules. The UE does not need to indicate the first symbol used for PUSCH as it was done for FeLAA.
[bookmark: _Toc4791907]The UE starting time offset is an offset value until the boundary of the first symbol of the CG resource.
a. [bookmark: _Toc4791908]The UE extends the first symbol of the CG transmission by an offset value through use of a longer CP
2.7		Indication of MCS for Configured Grant PUSCH Transmissions
In NR Rel-15, the MCS to be used for CG PUSCH transmissions is provided to the UE through RRC configuration (Type1 CG) or via DCI during (re)-activation of the configured grant (Type2 CG). For the latter, the UE provides an acknowledgement to the gNB through an empty MAC-CE message that the (re-)activation was received. In this way, a robust method is ensured for avoiding a mismatch between the gNB and UE’s understanding of the granted MCS in the case that the DCI containing the (re-)activation of the CG happens to be lost.
During the NR-U WI, there have been proposals to change the NR Rel-15 mechanism such that the MCS can be changed and indicated to the UE on a faster basis by signaling the MCS in the same message carrying downlink feedback information (DFI), e.g., by DCI. A drawback of this approach is that it does not include the built-in robustness of the NR Rel-15 mechanism where the MCS is carried in the DCI (re-)activation message which is acknowledged by MAC-CE. In principle, one could consider introducing a new MAC-CE message to acknowledge that the DCI carrying DFI is received; however, this is not an efficient design as DFI signaling is quite frequent.
[bookmark: _Toc4791909]New mechanisms (compared to NR Rel-15) for indication of MCS for CG PUSCH transmissions, e.g., by indication of MCS in the DCI carrying DFI are not supported.
[bookmark: _Toc521072178]2.8	CW adjustment
The contention window adjustment for feLAA, as described in section 4.2.2 in 37.213, should be considered as a baseline for UL configured grants in NR-U.
[bookmark: _Toc4791910]Contention window adjustment rules for feLAA are considered as a baseline for UL transmissions with configured grant.
3	Conclusion
[bookmark: _GoBack]Based on the discussion in the previous sections we propose the following:
Proposal 1	On top of the configured periodicity and configured/indicated slot offset of an NR Rel-15 UL configured grant (CG), support an RRC configured bitmask to indicate which CG time resources  are enabled/disabled.
FFS: Configuration details of the bitmask including length and granularity
Proposal 2	Support DFI containing a HARQ-ACK bitmap with one bit per configured HARQ process.
Proposal 3	If CBG is enabled for UL transmissions with configured grant (CG), support CBG-based retransmissions using ONLY dedicated scheduled UL resources. CBG-based retransmissions are not supported on an UL CG.
Proposal 4	Support UCI for UL configured grant that includes the LBT priority class value used by the UE to access the channel.
Proposal 5	The UCI is mapped using the Rel-15 UCI multiplexing rules.
Proposal 6	The UE starting time offset is an offset value until the boundary of the first symbol of the CG resource.
a.	The UE extends the first symbol of the CG transmission by an offset value through use of a longer CP
Proposal 7	New mechanisms (compared to NR Rel-15) for indication of MCS for CG PUSCH transmissions, e.g., by indication of MCS in the DCI carrying DFI are not supported.
Proposal 8	Contention window adjustment rules for feLAA are considered as a baseline for UL transmissions with configured grant.
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