


[bookmark: _GoBack]TSG-RAN WG1 #92bis	R1-1805199
Sanya, China, April 16 – 20, 2018

Source:	Ericsson 
[bookmark: Title]Title:	On BWP adaptation
[bookmark: Source][bookmark: _Hlk499033340]Agenda Item:	7.1.3.4.1
[bookmark: DocumentFor]Document for:	Discussion and Decision

Introduction
At the January NR Ad Hoc some issues around DCI sizes, search spaces, and BWPs were 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


The discussion continued briefly at RAN1#92 with the offline agreement below (which was not treated online):
Offline proposal:
Conclusion: Resource allocation type 0 works with padding/truncation, at least when only resource allocation type 0 is configured. 
FFS: Need to correct resource allocation type 1. One possibility is to use the same mechanism as anyway needed by the DCI size format 0-0/1-0.

Discussion
In case of BWP switching, the scheduling DCI is defined based on the currently active BWP (e.g. the narrower default BWP) but is applied to another BWP (e.g. a wider BWP). Hence there is a need to “transform” the DCI from one BWP to another BWP. At the January AdHoc, padding/truncation as mentioned in the introduction was agreed as the transformation mechanism. Although the wording of the WA may be imperfect, a reasonable assumption is that padding/truncation is applied per field in the DCI. Note that it is not only the resource allocation field that may differ, various multi-antenna related fields may also be different.
Many DCI fields are pointers into configured tables. For example, if the DCI based on one BWP can point to table entries 0-3 while the other BWP has table entries 0-7, cross-BWP scheduling can only address table entries 0-3 in the other BWP, not the full range 0-7. However, appropriate network configuration can handle this.
For the frequency-domain resource allocation field, the situation is more complicated. First, the frequency-domain resource allocation field consists of several subfields if dynamic switching between resource allocation type 0 and 1 is used. If the whole RA field is truncated/padded and then interpreted with dynamic switching in the target BWP, the resource allocation type may change. For example, padding would result in the resource allocation subfield constantly being ‘0’ which in essence results in only resource allocation type 0 being applicable in case of BWP switching. Hence, this subfield needs to be treated separately from the rest of the frequency-domain resource allocation bits, or the target BWP should use a predefined resource allocation type (either 0 or 1)  when using cross-BWP scheduling.
Secondly, padding/truncation may or may not work depending on the resource allocation type. Offline, there was no agreement at RAN1#92 that this method works for resource allocation type 1. In fact, it can lead to severe scheduling restrictions as illustrated in the excel sheet below:




The illustration shows what RBs that can be scheduled in a wide BWP (50 in this example) when the DCI is defined based on the default (and currently active) BWP (20 in this example). 
· Red numbers illustrate the RBs possible to schedule in the default BWP using the DCI defined based on the default BWP
· Green cells illustrate the RBs possible to schedule in the wide BWP using the DCI defined based on the default BWP
· The numbers (red and black) illustrate the RBs possible to schedule if the DCI was defined on the wide BWP.
As seen in the figure the simple padding rule will result in the possibility to schedule RBs with any starting position but limited in length. The result is that the number of RBs possible to schedule in conjunction with BWP switching is smaller than what would be possible if BWP switching was not used. This severely limits the scheduling flexibility and leads to inefficient usage of bandwidth adaptation. 
One possibility to address this was outlined in R1-1802916. In essence, the resrouce allocation is interpreted in the size-defining BWP and the result RBs are mapped to the target BWP (assuming the two BWPs overlap).
In essence, the transformation problem for allocation type 1 is similar to the problem when applying a DCI formats 0-0/1-0 defined based on the initial BWP to a BWP of a different size, a situation which anyway is needed for NR (see R1-18xxxxx from Ericsson). Hence, the same set of solutions can be applied to BWP switching for resource allocation type 1:
1. The resource allocation (RIV) is interpreted according to the (size-defining) initial BWP, resulting in start and length. The start/length is applied to the active BWP where the data transmission occurs.
· Allows for the same lengths as in the size-defining BWP but restricts the possible starting positions in the wider BWP.
2. The RIV field is truncated/padded to match the need of the active BWP. The truncated/padded fields is interpreted in and applied to the active BWP.
· This is the same as the current WA. Can result in severe limitations in the lengths possible to schedule but provides full flexibility in the starting position in the wider BWP
3. The resource allocation (RIV) is interpreted according to the (size-defining) initial BWP, resulting in start and length. The start/length is applied to the active BWP where the data transmission occurs but one or both of start/length is interpreted in terms of groups of resource blocks (i.e. the start and length values are multiplied by a factor K prior to being applied to the active BWP)
· This is similar to the treatment of DCI format 1C in LTE.
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Figure 3.1: Example illustrations of different "RIV conversion" principles.
Preferably, the same solution as for DCI formats 0-0/1-0 should be used in case of BWP switching and our suggestion is option 3.
Conclusion

Proposal:
· In case of BWP switching:
· The target BWP uses a fixed (not dynamic) resource allocation type.

Proposal:
Augment the current WA
· 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
with
· Padding/truncation is done on the MSBs.
· For the frequency-domain resource allocation (sub)field, in case of resource allocation type 1,
· The resource allocation field (RIV) is interpreted according to the (size-defining) initial BWP, resulting in start and length. The start/length is applied to the active BWP where the data transmission occurs but one or both of start/length is interpreted in terms of groups of resource blocks (i.e. the start and length values are multiplied by a factor K prior to being applied to the active BWP)
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