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1 Introduction

This contribution addresses some open issues involving BWP operation including the remaining aspects of BWP switching using a DCI and some corrections to the PHY specifications. HARQ-ACK related aspects of BWP switching are treated in a separate contribution [1]. 
2 Discussion
2.1 Remaining issues with BWP switching

The interpretation of DCI fields when a received PDCCH indicates a scheduling assignment on a different BWP was discussed at RAN1 AH-1801 with 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 BWP indicator is only present in DCI formats 0_1 and 1_1. These DCI formats also contain several fields, of which the presence or bit width depends on higher layer parameters which may be BWP-specific. A natural concern, therefore, is how to interpret a field when its size relative to the current BWP is different from the corresponding size in the target BWP. 

First, it should be clear that there is no issue with truncation when the field size on the target BWP is equal to or smaller than the field size on the currently active BWP. Therefore, no change is needed to the current specifications for truncation. In contrast, it was argued in several contributions at the last meeting (see e.g. [2]) that zero-padding a small bit field to match the required length for the target BWP may introduce unintended consequences if not carefully handled. We consider the issues and possible solutions for time/frequency domain resource allocation and also discuss the impact on other fields.

2.1.1 Frequency domain RA field

By way of illustration we consider the extreme case discussed in [2] where a first BWP (BWP1) is 25 PRBs and a second BWP (BWP2) is 270 PRBs (smallest and largest carrier bandwidths for FR1 and SCS = 15 KHz). For RA Type1, the frequency domain bit field is 9 (16) bits for BWP1 and BWP2 respectively. When switching from BWP1 to BWP2, the RA field size is padded with 7 bits. The RIV allocation scheme is designed such that indexing from 0 to 2b-1, where b is the RIV size, supports a large number of starting positions as the RB allocation size is slowly increased. If the active DL BWP is considerably larger than the initial DL BWP there is adequate flexibility in locating the starting PRB within the BWP but only a few PRBs can be scheduled when zero padding is used. For the scenario considered here, all 270 starting positions for 1 PRB allocation and 242 starting positions for 2 RBs are supported. This can be considered a considerable restriction for this extreme case as BWP switching can only schedule very small PDSCH allocations. On the other hand it should be noted that scheduling assignments when combined with a BWP switch would tend to be conservative as the UE has not yet reported any CSI measurements on the target BWP. For a less extreme case with BWP1 = 48 PRBs (a possible BW for CORESET0), up to 8 PRBs can be scheduled on a target BWP of 270 PRBs. 
For the first example scenario and RA Type 0 with RBG Configuration 1, BWP1 with 25 PRBs has a bit field of 13 bits while BWP2 containing 270 PRBs is of size 17 bits. BWP switching from BWP1 to BWP2 is not considered an issue here since 13 out of 17 RBGs can be scheduled.  
A modified zero-padding solution can be considered, if deemed necessary, to bridge the gap between the RA combinations possible with a small and large BWP. For instance, contiguous RA for the larger target BWP can be performed over RB groups. This is also discussed in a companion contribution on DCI contents [3]. For the extreme case of 9 to 16 bits with zero padding, a suitable step size Nstep can be found such that
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 The step size can be chosen as a power of 2 to facilitate multiplexing with other UEs on the target BWP.
Proposal 1: to mitigate the scheduling restrictions when switching from a small BWP to a large BWP for RA Type 1, consider applying the contiguous resource allocation mechanism over RB groups.

2.1.2 Time domain RA field
A UE is configured per BWP by the higher layer parameters pdsch-symbolAllocation and pusch-symbolAllocation for DL and UL time domain RA respectively. An entry in the table defines the slot offset k0 (k2), SLIV and PDSCH (PUSCH) mapping type for DL (UL). The slot offset values are likely to be similar as long as BWP switching is possible in any direction between any two configured BWPs. Similar observation is true for PDSCH (PUSCH) mapping type. Although the SLIV combinations may be different between BWPs it is sufficient to have only a few common combinations between BWPs to facilitate cross BWP scheduling.  Therefore, configuring common entries at the lower indexes of the combinations of pdsch-symbolAllocation and pusch-symbolAllocation tables across configured BWPs ensures that zero-padding is not an issue for BWP switching.
Observation: to facilitate zero-padding when switching from a small BWP to a larger BWP, the gNB may configure common lower-indexed entries in the pdsch-symbolAllocation and pusch-symbolAllocation tables configured for each BWP.
2.1.3 Impact on other BWP-dependent DCI fields

In this section we consider the impact on some other DL or UL DCI fields which are configured per BWP in Table 1.
Table 1 Impact of size misalignment for zero-padding
	Field
	Size (bits)
	Impact

	VRB-to-PRB mapping
	0, 1
	Only impact is disabling VRB-to-PRB mapping 

	PRB bundling size indicator
	0, 1
	No significant impact as it only potentially selects a particular PRB size for the first assignment on the target DL BWP 

	Rate matching indicator
	0,1,2
	May result in buffer corruption if the wrong rate matching is applied. Can be avoided by scheduling. 

	ZP CSI-RS trigger
	0,1,2
	Similar to time domain RA, gNB may map some typical CSI-RS configurations to lowest code points

	Antenna port(s)
	2 - 6
	May limit selection of DMRS antenna port groups 

	TCI
	0, 3
	No major issues foreseen as TCI configurations are likely to be common across BWPs

	SRS resource indicator
	Variable
	May have moderate impact on SRS resource indication across BWPs.

	Precoding information and number of layers
	0 – 6 
	Limitation in selecting TPMI and number of layers

	CSI request
	0 – 6
	Lower indexed code points can be triggered. Impact is minor to moderate depending on CSI configurations and how soon it is needed after BWP switch. 

	Beta offset indicator
	0, 2
	If not present in BWP1 but present on BWP2, first code point can be assumed. Impact is minor

	DMRS sequence initialization
	0, 1
	Impacts non-orthogonal MU-MIMO transmission

	PTRS
	0, 2
	If not present in BWP1 but present on BWP2, first code point can be assumed. Impact is minor


Observations: 
· Zero padding has minor impact on most BWP-dependent DCI fields. 
· A few such as rate matching resource indication, SRS resource indication, antenna ports and precoding indication may have moderate impact but it should be noted that this impact is limited to only the first scheduling assignment on the target BWP and likely a small resource allocation.
2.2 Corrections to specifications
In the latest version of TS 38.212, the field size of the BWP indicator is described as follows for DCI formats 0_1 and 1_1,
	-
Bandwidth part indicator – 0, 1 or 2 bits as defined in Table 7.3.1.1.2-1. The bitwidth for this field is determined as 
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 if the higher layer parameter BandwidthPart-Config configures up to 3 bandwidth parts and the initial bandwidth part is not included in higher layer parameter BandwidthPart-Config;
-
otherwise 
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 is the number of configured bandwidth parts according to higher layer parameter BandwidthPart-Config.


The current description above was based in part on a RAN2 agreement that for up to 3 configured BWPs (in addition to the initial BWP) the DCI code point is equivalent to the BWP ID, whereas if the network configures 4 dedicated BWPs, they are identified by DCI code points 0 to 3 and in this case it is not possible to switch to the initial BWP by DCI. We note that:

· The initial DL and UL BWPs are configured by PBCH and RMSI respectively, while additional BWPs can be added by dedicated RRC configuration. 

· If at most 3 additional BWPs are configured, the code points of the BWPI field may exactly correspond to the configured BWP ID, where the value 0 corresponds to the initial BWP. 

· If 4 additional BWPs are configured the code points 0 – 3 may correspond to BWPs with indexes 1 – 4.

· The BWP configuration (BWP IE in 38.331) defines the parameters in a BWP configuration and not the number of configured BWPs. Indeed, there is no RRC parameter per se defining the number of BWPs. Thus, more generic wording such as “configured by higher layer signalling” can be used rather than referring to a specific higher layer parameter. 
A TP to 38.212 is given below for Sections 7.3.1.1.2 and 7.3.1.2.2
------------------------------------- Begin Text Proposal Sec 7.3.1.1.2 of 38.212 --------------------------------------

< Omitted >
-
Bandwidth part indicator – 0, 1 or 2 bits as determined by the number of UL bandwidth parts 
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and the bandwidth part indicator is equivalent to the higher layer parameter BWP-Id if 
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< Omitted >
Table 7.3.1.1.2-1: Bandwidth part indicator 
	Value of BWP indicator field
	Bandwidth part

	
	2 bits
	

	
	00
	First bandwidth part configured by higher layers

	
	01
	Second bandwidth part configured by higher layers

	
	10
	Third bandwidth part configured by higher layers

	
	11
	Fourth bandwidth part configured by higher layers


------------------------------------- End Text Proposal Sec 7.3.1.1.2 of 38.212 -----------------------------------------

------------------------------------- Begin Text Proposal Sec 7.3.1.2.2 of 38.212 --------------------------------------

< Omitted >
-
Bandwidth part indicator – 0, 1 or 2 bits as determined by the number of DL bandwidth parts 
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configured by higher layers. The bitwidth for this field is determined as 
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[image: image15.wmf]3

RRC

BWP,

£

n

;

-
otherwise 
[image: image16.wmf]RRC

BWP,

BWP

n

n

=

 and the bandwidth part indicator is defined in Table 7.3.1.1.2-1.


< Omitted >
------------------------------------- End Text Proposal Sec 7.3.1.2.2 of 38.212 -----------------------------------------

3 Conclusion
This contribution discussed a few open issues regarding DCI size alignment. The observations and proposals are as follows:
Observations:

· To facilitate zero-padding when switching from a small BWP to a larger BWP, the gNB may configure common lower-indexed entries in the pdsch-symbolAllocation and pusch-symbolAllocation tables configured for each BWP.
· For other non-RA BWP-dependent fields
· Zero padding has minor impact on most non-RA BWP-dependent DCI fields. 
· A few such as rate matching resource indication, SRS resource indication, antenna ports and precoding indication may have moderate impact but it should be noted that this impact is limited to only the first scheduling assignment on the target BWP and likely a small resource allocation.

Proposal 1: to mitigate the scheduling restrictions when switching from a small BWP to a large BWP for RA Type 1, consider applying the contiguous resource allocation mechanism over RB groups.
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