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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#98 and #98bis meetings, the following agreements regarding the granularity and signaling for the support of resource reservation in uplink and downlink in NB-IoT non-anchor carriers were made:
Agreement
· FDD UL resource reservation is supported with subframe-level granularity
· DL resource reservation is supported with slot-level and symbol(s)-level granularity.

Agreement
UL resource reservation for NB-IoT with slot-level and symbol(s)-level granularity in addition to subframe-level granularity is supported.
· FFS: whether the DMRS symbols can be configured as reserved resources

Agreement
The reserved resource in NB-IoT non-anchor carrier is semi-statically configured by higher layer signalling.
· FFS whether the resource in an invalid and/or valid subframe indicated by legacy downlink bitmap can be configured as the reserved resource
· FFS signalling

Agreement
For unicast transmission, dynamic DCI signalling can be used to [indicate or override] which reserved resources are used for the scheduled NB-IoT transmission.
In this contribution, we discuss remaining details of the design of resource reservation in Rel-16. 
Discussion
[bookmark: _Hlk20666780]Configuration signaling
As discussed in RAN1#98bis [2], for the configuration of the reserved resources, it can be considered a similar approach to the downlink invalid subframe configuration and a bitmap based method can be used for reserved resources at finer than subframe-level granularity and for the UL subframe-level granularity.
[bookmark: _GoBack]The IE DL-Bitmap-NB is used to specify the set of NB-IoT downlink subframes for downlink transmission and has size 10 bits or 40 bits depending on deployment (NB-IoT downlink subframe configuration over 10ms or 40ms for inband and 10ms for standalone/guardband). For subframe-level granularity in FDD UL resource reservation, it can be used the same approach.  
Proposal 1: Bitmap based method is used for subframe-level, slot-level, or symbol(s)-level NB-IoT reserved resource configuration.  
· Value 0 in the bitmap indicates that the corresponding subframe/slot/symbol is invalid for transmission. Value 1 in the bitmap indicates that the corresponding subframe/slot/symbol is valid for transmission.

For the configuration of slot-level and symbol-level configuration it can be used a larger bitmap which indicates which subframes have slot or symbols reserved, and which slots and/or symbols are reserved. One straightforward way is to simply add more bits to indicate which symbols are reserved, however the length of the bitmap increases. Some proposals were already discussed in RAN1#98bis [2]. 
For slot-level granularity, a bitmap of size 20 bits can be used where each bit indicates one slot.   
[bookmark: _Hlk23930659][bookmark: _Hlk23671311]Proposal 2: For slot-level resource reservation, the configuration signaling is 20 bits bitmap where each bit corresponds to one slot in a frame.
For symbol-level granularity in downlink, it can be assumed that a symbol-based pattern is used in the subframes that have reserved resources. In this way the bitmap includes 10 bits to indicate which subframe has reserved resources and 10 bits for the symbol-pattern reservation. The reason of having 10 bits instead of 14 is because of the agreement that NRS symbols are not reserved. 
For symbol-level granularity in the uplink, assuming all 14 symbols in a subframe can be reserved, the bitmap includes 10 bits to indicate which subframe has reserved resources and 14 bits for the symbol-pattern reservation. 
To reduce the size of the bitmap, although this reduction is not seen as crucial, instead of using one bit to indicate whether one symbol is reserved in a subframe, it can be used a smaller number of bits to indicate which symbols are reserved. 
Proposal 3: For symbol-level resource reservation, the configuration signaling includes 10 bits to indicate the subframe and x bits to indicate a reservation pattern for symbols in a subframe, x is FFS.

Dynamic signaling
[bookmark: _Hlk23943469][bookmark: _Hlk23707465]As agreed in RAN1#98bis, dynamic DCI signalling can be used to indicate which reserved resources can be used for the scheduled NB-IoT transmission. Dynamic signaling is useful if the eNB desires to schedule the NB-IoT transmission in resources that were configured as invalid with the same or finer granularity. For example, if a subframe is configured as invalid, the dynamic signaling can indicate that NB-IoT transmission can happen in that subframe or in part of it (slot/symbol). The dynamic signaling can also be useful to indicate that a resource is reserved although the resource was not configured as reserved by the higher layer signaling. 
[bookmark: _Hlk23943702]The flexibility offered by the DCI signaling allows to adapt the NB-IoT transmission to the traffic needs in a dynamic and fast way, hence having symbol-level granularity is useful. But the DCI bits are costly, and we should use a limited number of bits, far less than the number of symbols in a subframe or slot. Also, depending on the use cases, this flexibility can be more or less important. A limited number of DCI bits should be used and the additional flexibility may be added at higher layers by defining patterns of reserved resources with different granularities.
Proposal 4: The eNB can indicate resource reservation in DCI. The field in the DCI is 2 bits.
[bookmark: _Ref129681832]
Conclusions
In this contribution, the following have been proposed:
Proposal 1: Bitmap based method is used for subframe-level, slot-level, or symbol(s)-level NB-IoT reserved resource configuration.  
· Value 0 in the bitmap indicates that the corresponding subframe/slot/symbol is invalid for transmission. Value 1 in the bitmap indicates that the corresponding subframe/slot/symbol is valid for transmission.
Proposal 2: For slot-level resource reservation, the configuration signaling is 20 bits bitmap where each bit corresponds to one slot in a frame.
Proposal 3: For symbol-level resource reservation, the configuration signaling includes 10 bits to indicate the subframe and x bits to indicate a reservation pattern for symbols in a subframe, x is FFS.
Proposal 4: The eNB can indicate resource reservation in DCI. The field in the DCI is 2 bits.
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