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Introduction
At the January NR Ad Hoc some issues around DCI sizes, search spaces, and BWPs were discussed. In this paper two related aspects are discussed.
Discussion
[bookmark: _Ref506546580]CORESETs, DCI sizes, and BWPs
The following “wish list” is an attempt to summarize the views expressed in Vancouver and agreements made, some of which can be (partially) conflicting:
· The UE is capable of monitoring at most 4 DCI sizes (per slot), 3 with the C-RNTI and 1 with another less time-critical RNTI
· It should be possible to address multiple UEs with a single DCI (e.g. for system info, paging, etc) under the condition that they have the same CORESET/search space configuration
· The DCI size depends on the size of the BWP (agreed in the ad hoc)
· The fallback DCI should be possible to use also in a UE-specific search space
· The size of formats 0-0 and 1-0 are aligned
· The size of formats 0-1 and 1-1 may be different
To find an overall solution it is suggested to focus on the relevant scenario. For example, in case of bandwidth adaptation it is reasonable if the “narrow” BWP is completely inside the “wide” BWP. Although other configurations are possible, the design should not optimize for these scenarios.
One possible solution could be to treat the different DCI formats differently.
· DCI format 0-0 and 1-0 are decoded and interpreted assuming the default BWP (both for CSS and USS)
· One DCI size used as 0-0/1-0 are size aligned
· The resource assignment relates to the RBs numbered across the default BWP, i.e. regardless of the active BWP only RBs in the default BWP are schedulable. 
· For the CSS, all UEs with the same default BWP configured will have the same RB numbering and can receive the same PDSCH transmission regardless of whether the UEs have the “narrow” or “wide” BWP as the active one.
· For the USS, unicast data can be scheduled but only across the narrower BWP.
· This assumes that the default BWP is always receivable regardless of whether a UE uses the default or “wide” BWP as the active BWP. In other words, the narrow/default BWP is within the wide BWP.
· DCI format 0-1 and 1-1 are decoded and interpreted assuming the active BWP (for USS)
· Two DCI sizes can be used as 0-1 and 1-1 are not necessarily size aligned
· The resource assignment relates to the RBs numbered across the active BWP, i.e. the full set of RBs in the active BWP whether it is the “narrow” BWP or the “wide” BWP. 
This is illustrated in Figure 1.
If it is desirable to schedule multiple UEs using a single DCI, e.g. for paging, this is possible as long as the narrow/default BWP is configured in the same way for all these UEs. Irrespective of whether a UE has the default or wide BWOP as the active one, it will be able to decode and interpret DCI formats 0-0/1-0 in the same way.
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[bookmark: _Ref506299421]Figure 1: Bandwidth parts and DCI interpretation.
BWP indicator
The previous section discussed the DCI handling one a certain BWP is active. DCI formats 0-1 and 1-1 includes a BWP index field which is used to indicate the BWP to use. At the NR ad hoc in January, the interpretation of this field was discussed, resulting in the following working assumption:
Working assumption:
· Sizes of all DCI bitfields in DCI formats 0-1 and 1-1 in USS determined by current BWP. Data transmitted on the BWP indicated by the BWP index. If the BWP index activates another BWP, transform as follows:
· Zero-pad too small bitfields to match the new BWP
· Truncate too large bitfields to match the new BWP

However, this approach has some potential problems as the DCI content (and the DCI size) is defined assuming the BWP in which the DCI is received. If the DCI is relevant for another BWP (i.e. the BWP index pointing to a different BWP than the currently active one) the current agreement implies that the DCI is ‘transformed’ through truncation/padding to match the new BWP. However, this ‘transformed’ DCI may not make sense depending on how the DCI fields are configured. Note that it is not only the resource allocation field that may differ, various multi-antenna related fields may also be different.
In general, it is not good to link different features tightly to each other as experience suggests that unforeseen problems are likely to appear.
Possibilities on how to treat the working assumption include:
1. Confirm the working assumption
· The usefulness of the DCI content when applied to the new BWP can be questioned.
· The possibility of ‘null scheduling’, i.e. a grant/assignment not scheduling any data necessary in this case in case the truncated/padded DCI may result in garbage DCI information.
2. Define ‘more advanced’ transformations of the DCI
· This can be a lengthy exercise given the wide range of configurations possible. Note that the ‘transformation’ applies not only to the resource allocation fields but also to the other fields such as multi-antenna related information.
3. Interpretation of the DCI is done according to the current BWP and the BWP indicator activates the new BWP (see Figure 2).
· This allows to ‘open up’ a larger BWP but in the first occurrence only data in the region were the old and new BWP overlaps is possible to schedule. In later slots the DCI can schedule the full BWP
4. Remove the BWP index from the DCI and define a separate ‘BWP switch command’ using one of the existing DCI sizes
· Avoids ambiguities in the DCI interpretation.
· Possible error cases if the UE misses the switch as this may result int eh gNB and UE having different views on the active BWP. Some form of acknowledgement mechanism is likely needed.
Note that the options above are only relevant for formats 0-1 and 1-1 as there is not BWP indicator in 0-0 and 1-0. 
Of the options listed above, option 3 seems to be the simplest approach (it is also in line with the discussion in Section 2.1) followed by option 4.
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[bookmark: _Ref506299647]Figure 2: Illustration of option 3.
Proposals
For DCI reception and interpretation:
· DCI formats are decoded and interpreted differently:
· DCI format 0-0 and 1-0 are decoded and interpreted assuming the default BWP (both for CSS and USS)
· DCI format 0-1 and 1-1 are decoded and interpreted assuming the active BWP (for USS)
For BWP switching:
· DCI formats 0-1/1-1 are interpreted according to the currently active BWP. The BWP indicator activates the new BWP at the time instant included in the scheduling information.
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