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1	Introduction
For Rel-15 NR, we have agreed on the following regarding the DCI format sizes:
Agreements: (RAN1 ad hoc in Jan 2018)
For one carrier:
· [bookmark: _Hlk506325404](working assumption) Payload sizes for 2-2 and 2-3 are padded (if needed) to match the size of formats 0-0/1-0 as defined by the initial BWP
· (working assumption) At most 4 different DCI sizes are monitored by the UE per slot
· At most 3 different DCI sizes are monitored per C-RNTI per slot
· Payload size for formats 0-1 and 1-1 may differ

Agreements: (RAN1#92)
· DCI formats 0-0/1-0, 0-1, and 1-1 can have different sizes. 
· DCI formats 0-1 and 1-1 can be received in USS only. The size is determined by the active BWP.

Agreements: (RAN1#92)
Rearding the Working assumption:
· The number of bits in the resource allocation field for format 0-0 and 1-0 depends on search space:
· In CSS(s) in CORESET 0, use initial DL BWP for DCI size determination and RB numbering
· FFS If a UE monitors 0-0/1-0 in CSS in CORESET 0 in a slot, it does not monitor formats 0-0 or 1-0 (or 2-x family in case they have a size aligned with 0-0/1-0) in any other search space
· Otherwise, use active BWP for DCI size determination and RB numbering

It is replaced by the following working assumption:
· When monitoring for DCI in a BWP, the size of DCI format 0-0/1-0 is given by
· For format 0-0/1-0 (regardless of RNTI) in CSS, the size is given by the initial DL BWP
· For format 0-0/1-0 in USS, the size is given by the active BWP as long as the DCI size budget is fulfilled 
· FFS: Otherwise, for format 0-0/1-0, the size is given by the initial DL BWP
· FFS: how to meet the C-RNTI size and DCI size budget per slot
· align 0-1 and 1-1
· configure active BWP such that the DCI size is the same as of the initial BWP
· do not configure 0-1 and 1-1
· do not configure 0-0/1-0 in USS
· other are not precluded
· FFS: for format 0-0/1-0, how to interpret the frequency-domain field in a DCI with a size defined from a BWP with a different size than the BWP it is applied to

In this contribution we will discuss the remaining issues related to the alignment of different DCI format sizes.
2	Interpretation of frequency resource allocation field
Following the working assumption, there are cases when the size of format 0_0/1_0 is defined based on a BWP different from the active BWP, e.g., when format 0_0/1_0 is configured in CSS (size determined by the initial BWP) but the UE’s active BWP is not the initial BWP. For these cases, we need to define the UE behaviour in interpreting the frequency resource allocation field. There is a similar issue occurring for DCI for BWP switching, which is discussed in our companion contribution [1].
The 1st approach is zero-padding or truncating the field directly. As shown in [1] and also in the appendix, padding the RIV value with zeros results in undesirable pruning of start and/or length values. So this is not preferred.
The 2nd approach is to derive the start position and length from RIV based on the initial BWP, and use the start and length on the active BWP. This means restriction of the start position and length to smaller values, but the behaviour is more predictable and easier to implement. A variation of this approach, as proposed in [1], is to define a virtual BWP, which corresponds to the maximum PRBs that can be supported by the bitwidth of the frequency RA field. The start position and length is derived from RIV based on the size (number of PRBs) of the virtual BWP, and then applied to the active BWP. This supports a larger range for the start position and length compared to interpretation using the size of the initial BWP.
The 3rd approach is to apply a scaling factor to both starting position and the length, which is essentially the RBG-based operation for type 1 (instead of RB-based). To be able to use the full active bandwidth, the scaling factor would need to be roughly equal to the ratio of the active BWP and the initial BWP.
For unicast data scheduling, both the 2nd and 3rd approach would work.
[bookmark: _Hlk510694290]For broadcast/group-common message scheduling, we want the UEs to derive the same frequency resource allocation regardless of the active BWPs of different UEs. The 3rd approach, assuming that the scaling factor would be dependent on the active BWP, would result in different PRB locations depending on the active BWP, therefore it is not appropriate for broadcast messages. The 2nd approach could work if we modify it slightly so that all UEs use a common reference point as the starting point for resource allocation, instead of applying it to the active BWP directly. There are different cases where the initial BWP could be nested or not nested within the active BWP, or the multiple BWPs being configured can be nested or not. A unified approach for all these cases could be to use the lowest indexed PRB of the CSS CORESET carrying the broadcast message as the reference.
Proposal 1: For unicast data scheduling, in case the DCI size is determined using the initial BWP instead of the active BWP, one of the following options is used for the interpretation of frequency RA field:
· Derive the start position and length from RIV based on the initial BWP or a virtual BWP (the maximum bandwidth that can be supported by the bitwidth of the frequency RA field), and apply them to the active BWP, or
· Derive the start position and length from RIV based on the initial BWP, apply a scaling factor and then apply to the active BWP 

Proposal 2: For broadcast/group-common data scheduling, in case the DCI size is determined using the initial BWP instead of the active BWP, the following is used for the interpretation of frequency RA field:
· Derive the start position and length from RIV based on the initial BWP or a virtual BWP (the maximum bandwidth that can be supported by the bitwidth of the frequency RA field), and apply them assuming PRB0 points to the lowest indexed PRB of the corresponding CORESET.

If there is a desire to adopt a unified approach for both cases, the 2nd approach would be the choice.
3	DCI format sizes
[bookmark: _Hlk510480883]3.1	DCI format sizes with C-RNTI
In a typical configuration, a UE needs to monitor the non-fallback DCI formats 0_1 and 1_1, which account for 2 different DCI sizes scrambled by C-RNTI according to the agreement. In addition, a UE typically needs to also monitor the fallback DCI formats 0_0 and 1_0. This case is our primary interest, and we want to make sure the system works well for this case.
With the revised working assumption, if the active DL BWP and the initial DL BWP result in different DCI sizes for formats 0_0/1_0, and if DCI formats 0_0/1_0 are configured in both CSS and USS, the UE would need to monitor a total of 4 DCI sizes scrambled by C-RNTI. This would conflict with the working assumption that at most 3 different DCI sizes scrambled by C-RNTI are monitored. (In all other case, the limit of 3 DCI size with C-RNTI can be met, so those cases are not discussed here.)
[bookmark: _Hlk510423063]There are a few possible options to address this:
· Option 1: Revert the working assumption and require a UE to monitor up to 4 DCI sizes with C-RNTI.
· Option 2: Do not allow format 0_0/1_0 with C-RNTI to be configured in both CSS and USS when the active DL BWP and the initial DL BWP result in different DCI sizes for formats 0_0/1_0. The size of format 0_0/1_0 in USS is always given by the active DL BWP.
· Option 3: If format 0_0/1_0 with C-RNTI is configured in both CSS and USS, and the active DL BWP and the initial DL BWP result in different DCI sizes for formats 0_0/1_0,
a. The size of format 0_0/1_0 with C-RNTI in both USS and CSS is given by the initial DL BWP.
b. The size of format 0_0/1_0 with C-RNTI in both USS and CSS is given by the active DL BWP (partly reverting the previous working assumption).
c. Align the sizes of formats 0_1 and 1_1 (partly reverting the previous working assumption).

Generally speaking, it is highly desirable to allow as much flexibility as possible in frequency resource allocation for formats 0_0/1_0, at least for unicast data scheduling. There can be times when the gNB wants to use the shorter formats 0_0/1_0 for data scheduling, e.g. for small data packets, or when accurate/comprehensive CSI feedback information is not available, etc. In this sense, the 2nd approach discussed in Section 2 would not be sufficient for unicast data. The 3rd apprach might be acceptable, but it still does not achieve the full flexibility. E.g. if the initial BWP is ~5MHz, and the wide BWP is ~100MHz, the ratio is around 20, which means the scheduling granularity would be 20 PRBs which is quite excessive. Therefore it is preferable to always be able to support a case with DCI size determined by the active DL BWP that allows full scheduling flexibility, e.g. in USS.
Option 1 is the easiest from the specification point of view, and it provides the most flexibility in configuration/operation. But it causes somewhat more complexity at the UE. Note that this option does not require the increase of the total number of DCI sizes. So instead of supporting 3 C-RNTI-based DCI sizes plus one other RNTI-based DCI size, the UE would support 4 DCI sizes regardless of the RNTI.
Option 2 is a constraint on the configuration. In case of multiple BWPs, a more typical configuration would be netsted BWPs. In this case, it would be desirable to configure format 0_0/1_0 with C-RNTI in CSS to handle the ambiguity in case of BWP switching failure. At the same time, if the gNB wants to use these formats frequently for data scheduling, it is also desirable to configure format 0_0/1_0 in USS to either allow the more flexibility in frequency resource allocation, or to avoid the potential blocking issue in CSS. Therefore it is preferred not to have such a hard constraint.
The family of option 3 do not have any constraint on configuration. They reduce the number of DCI sizes by aligning some of them. For option 3a, the main drawback is that the frequency resource allocation is restricted when the size is determined by the initial DL BWP (as discussed in Section 2). This would greatly affect the usefulness of the fallback DCIs. As explained above, this is not a preferred option.
For option 3b, the merit is that format 0_0/1_0 with C-RNTI always has the full scheduling flexibility, regardless of whether it is in USS or CSS. The drawback is that format 0_0/1_0 in CSS would have two different sizes, depending on whether it is scrambled by C-RNTI or other RNTIs. This means more blind decoding candidates in CSS.
For option 3c, aligning the size of format 0_1 and 1_1 would mean additional padding in one of the formats. Because format 1_1 carries some additional fields, it is quite typical that the size of format 1_1 would be ~10+ bits more than that of format 0_1. E.g. we can have 56 bits for format 0_1 and 68 bits for format 0_0 before CRC. With 24-bit CRC, 80 vs 92 bits roughly translates into 0.6 dB difference, which is not that significant.
As a summary, our preference on DCI size with C-RNTI is as follows:
Proposal 3: One of the following is chosen to address the number fo DCI sizes with C-RNTI:
· 1st preference: a UE monitors up to 4 DCI sizes regardless of the RNTI (reverting a previous working assumption)
· 2nd preference: Confirm the existing working assumptions. In case format 0_0/1_0 with C-RNTI is configured in both CSS and USS, and the active DL BWP and the initial DL BWP result in different DCI sizes for formats 0_0/1_0, align the sizes of formats 0_1 and 1_1. (partly reverting a previous working assumption)

3.2	DCI format sizes with other RNTIs
If formats 0_0/1_0 is allowed to be configured with the size determined by the active BWP (e.g. in USS), formats 0_0/1_0 in CSS (with the size determined by the initial BWP) would use the 4th DCI size from the budget. We already have the working assumption that formats 2_2/2_3 align the size with formats 0_0/1_0 as defined by the initial BWP, so this is not an issue. Then the remaining DCI formats (2_0 and 2_1) also need to be aligned with one of the others in order to keep the working assumption of at most 4 different DCI sizes. The natural choice would be to align the size of format 2_0/2_1 with 2_2/2_3, as they are all monitored in CSS.
Proposal 4: The sizes of DCI format 2_0 and 2_1 are aligned with the sizes of format 2_2 and 2_3 when the DCI size limit is reached.
The design of another DCI format for PDCCH order for random access (we call it format X for easy reference in this paper) is still ongoing, and our view is presented in our companion contribution [2]. The next question is what the size should be for this DCI. From the discussion above, it is clear that there is no new DCI size available within the 4-size budget we have. Therefore, it needs to be aligned with one of the existing C-RNTI scrambled DCI. The natural choice would be to align it with the shorter ones, formats 0_0/1_0. However, the size of formats 0_0/1_0 depends on which search space they are monitored in. Practically speaking it always makes sense to configure format X and formats 0_0/1_0 in the same search space to avoid duplicated candidate monitoring at the UE (i.e. waste of PDCCH candidates). So a simplified approach is to always align the size of format X with that of formats 0_0/1_0 assuming they are in the same search space.
Proposal 5: PDCCH order for random access is monitored in the same search space as format 0_0/1_0 with C-RNTI and their sizes are aligned.

3	Conclusion
In this contribution we have discussed the size alignment of different DCI formats and proposed the following:
Proposal 1: For unicast data scheduling, in case the DCI size is determined using the initial BWP instead of the active BWP, one of the following options is used for the interpretation of frequency RA field:
· Derive the start position and length from RIV based on the initial BWP or a virtual BWP (the maximum bandwidth that can be supported by the bitwidth of the frequency RA field), and apply them to the active BWP, or
· Derive the start position and length from RIV based on the initial BWP, apply a scaling factor and then apply to the active BWP 
Proposal 2: For broadcast/group-common data scheduling, in case the DCI size is determined using the initial BWP instead of the active BWP, the following is used for the interpretation of frequency RA field:
· Derive the start position and length from RIV based on the initial BWP or a virtual BWP (the maximum bandwidth that can be supported by the bitwidth of the frequency RA field), and apply them assuming PRB0 points to the lowest indexed PRB of the corresponding CORESET.
Proposal 3: One of the following is chosen to address the number fo DCI sizes with C-RNTI:
· 1st preference: a UE monitors up to 4 DCI sizes regardless of the RNTI (reverting a previous working assumption)
· 2nd preference: Confirm the existing working assumptions. In case format 0_0/1_0 with C-RNTI is configured in both CSS and USS, and the active DL BWP and the initial DL BWP result in different DCI sizes for formats 0_0/1_0, align the sizes of formats 0_1 and 1_1. (partly reverting a previous working assumption)
Proposal 4: The sizes of DCI format 2_0 and 2_1 are aligned with the sizes of format 2_2 and 2_3 when the DCI size limit is reached.
Proposal 5: PDCCH order for random access is monitored in the same search space as format 0_0/1_0 with C-RNTI and their sizes are aligned.

References
[1] R1-1804762, “On remaining details on BWPs”, Nokia, Nokia Shanghai Bell, RAN1#92bis, April 2018.
[2] R1-1804457, “Remaining details on RACH procedure”, Nokia, Nokia Shanghai Bell, RAN1#92bis, April 2018.

Appendix: Behavior of zero-padding frequency RA field for type 1 RA
With type 1 RA, the mapping between RIV and starting position/length for a 24-RB BWP is shown in Figure 3. As can be seen from the figure, using only the smaller entries for RIV (i.e. zero-padding RIV) would result in undesirable pruning of start and/or length values. If the most significant bits of RIV value would be set to 0, gNB can scheduled only small allocations or full BW.
[bookmark: _GoBack][image: ]
Figure 3 RB start and LRB to RIV mapping for 24RB BWP

Observation: Padding the RIV value with zeros results in undesirable pruning of start and/or length values.
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