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1 Introduction
In the last RAN1 #92 meeting, the following agreement was made for DCI design [1]. In this contribution, we discuss the remaining issues on DCI design rule related to frequency domain RA field interpretation.
	Agreements:
· Regarding 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


2 Remaining Issues on Frequency Domain RA Field Interpretation
[bookmark: _GoBack]From the agreement made in the last RAN1 #92 meeting, a fallback DCI size in CSS is determined only from the number of PRBs in the initial DL BWP. Since initial DL BWP can contain 24 PRBs or 48 PRBs or 96 PRBs, size of frequency domain RA field in the fallback DCI is 9bits or 11bits or 13bits. However, an active BWP can contain at most 275 PRBs so that the maximum required size of frequency domain RA field is up to 16bits. So, RAN1 needs to investigate an interpretation rule of the frequency domain RA field in the fallback DCI. To resolve this issue, three alternatives are suggested as follows:
Opt 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.
Option 1 can PDSCH in a part of active DL BWP, i.e. at most same number of PRBs in initial DL BWP. Figure 1 presents an example with an initial DL BWP of 25 PRBs and an active DL BWP of 40 PRBs. Since active DL BWP would be larger than initial DL BWP in general, this option is not acceptable when a UE needs to be scheduled with wide bandwidth by using fallback DCI format in CSS. If a main use case of fallback DCI format in CSS is only limited to schedule small number of PRBs (less then initial DL BWP), this option would be acceptable. 
If option 1 is adopted, then the remaining issue is how to interpret ‘the starting PRB index 0’ derived from RIV. One simple solution is ‘the starting PRB index 0’ is aligned the lowest PRB index of the active DL BWP. In that case,  the UE multiplexing capability can be restricted. For example, two UEs are scheduled in the same symbol by fallback DCI in CSS, the scheduled unicast PDSCHs of two UEs should share Ninitial PRBs (PRB #0 ~ PRB #Ninitial-1), where Ninitial denotes the number of PRBs in the initial DL BWP. To enhance UE multiplexing capability, the UE can interpret ‘the starting PRB index 0’ with UE-specific parameters, such as C-RNTI and so two UEs can have different starting PRB index. 
· Observation 1: Option 1 is acceptable if of the fallback DCI format in CSS is only used to schedule the number of PRBs less than or equal to that of initial DL BWP. 
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[bookmark: _Hlk510793224]Figure 1. An illustration of Option 1 when initial DL BWP has 24 PRBs and active DL BWP has 40 PRBs.
Opt 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.
Option 2 is aligned with the working assumption. Since the position of zero padding can affect the possible RIV values, there are two possible zero-padding rules: one is pre-padding and the other is post-padding:
If pre-padding is used (i.e. zeros are inserted in front of MSB of RA field), small RIV values are usable. As shown in Figure 2, the small RIV value indicates small or large number of PRBs with 1-RB starting PRB index granularity. From Figure 2, only length-1, 2, …, 13, 29,30,…,40 can be used to schedule a PDSCH, but length-14,15,…,28 cannot be used. In other words, a UE only receives small-size TB or large-size TB, not middle-size TB. This is generally not desirable. 
If post-padding is used (i.e., zeros are inserted behind of LSB of RA field), RIV values become multiple of 2n, where n is the number of padded zeros. As shown in Figure 3, all lengths are supported but the starting PRB index is quite limited. From Figure 3, PDSCH can be started from even PRB index if length of PDSCH is less than 22 or PDSCH can be started from odd PRB index if length of PDSCH is equal to or larger than 22. Compared to figure 2, this padding rule would be preferable because the length of scheduled PRBs can be selected, depending on TB size and channel condition. 
· Observation 2: If option 2 is accepted, padding zeros behind of LSB of RA field would be better than padding zeros in front of MSB of RA field.
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Figure 2. An illustration of Option 2 with pre-padding when initial DL BWP has 24 PRBs and active DL BWP has 40 PRBs.
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Figure 3. An illustration of Option 2 with post-padding when initial DL BWP has 24 PRBs and active DL BWP has 40 PRBs.

Opt 3) The resource allocation (RIV) is interpreted according to the (size-defining) initial BWP, resulting in start and length. The start/length is scaled by a factor K and then applied to the active BWP where the data transmission occurs.
In option 3, a UE first derive starting PRB index (denoted as RBinitialstart) and length (LinitialCRB) by assuming PDSCH is scheduled in initial DL BWP and then starting PRB index and length is scaled by a factor K. To schedule large number of PRBs in active DL BWP, the scaling factor K can be derived by K = Nactive/Ninitial, where Nactive is the number of PRBs in the active BWP and Ninitial is the number of PRBs in the initial BWP. The scaled starting PRB index (RBactivestart) and the scaled length (LactiveCRB) are applied to the active DL BWP. In Figure 4, the possible candidates of PDSCH are illustrated with K = 40/24, RBactivestart= floor(K*RBinitialstart). LactiveCRB= floor(K*(LinitialCRB-1))+1. As shown in figure 4, a UE can be scheduled with partial starting PRB indices and partial lengths. Length-3,5,8,10,13,15,18,20,23,25,28,33,35,38, and 40 are not available and starting PRB index 2, 4, 7, 9, 12, 13, 17, 19, 22, 24, 27, 29, 32, 34, 37, and 39 are not available. Compared to option 2 with post-padding, the PRB length granularity is quite limited but the starting PRB index granularity is improved and compared to option 2 with pre-padding, the starting PRB index granularity is quite limited but the PRB length granularity is improved so that option 3 can provide good trade-off point. 
· Observation 3: Option 3 can provide enough flexibility of the values of starting PRB index and PRB length.
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Figure 4. An illustration of option 3 with scaling factor K=40/24 when initial DL BWP has 24 PRBs and active DL BWP has 40 PRBs.

The 8-bit frequency-domain RA field can represent up to 512 combinations (0~511). As shown in Figure 1-4, option 2 with pre-padding only uses 512 combinations of PDSCH, but option 1 use 300 combinations, option 2 with post padding uses 410 combinations and option 3 uses 300 combinations. In other words, many code-points in the frequency-domain RA field are wasted in option 1, option 2 with post-padding and option 3. When considering that the objective of interpretation of frequency-domain RA field is to find contiguous PRB allocation rule as finer as possible. 
The problem of option 1 and option 3 is the value in the frequency-domain RA field is first interpreted with initial DL BWP so that the number of combination is determined from the number of PRBs in the initial DL BWP. For example, if initial DL BWP has Ninitial=24 PRBs (as in Figure 1~4), then the 9 bits (=ceil(log2(Ninitial*(Ninitial+1)/2))) are reserved. Since 9 bits can represent up to 31 PRBs, the UE can assume that the initial DL BWP has 31 PRBs instead of 24 PRBs. By using this approach, option 1 and option 3 are modified as follows:
Opt 1-1) The resource allocation (RIV) is interpreted according to the maximum number of PRBs (M PRBs) in the RA field in the initial BWP. The start/length is applied to the active BWP where the data transmission occurs.
Opt 3-1) The resource allocation (RIV) is interpreted according to the maximum number of PRBs (M PRBs) in the RA field in the initial BWP. The start/length is scaled by a factor K and then applied to the active BWP where the data transmission occurs.
· M is the largest integer such that ceil(log2(M*(M+1)/2))≤ceil(log2(Ninitial*(Ninitial+1)/2))

The merit of option 1-1 and option 3-1 are justified in Figure 5 and 6. Note that in Figure 6, K = Nactive/M = 40/31 is used. Compared to option 1, option 1-1 can provide at most 31 PRB allocation with 1 PRB granularity. Also, Compared to option 3, in option 3-1 PDSCH can be started from PRB 0,1,2,3,5,6,7,9,10,11,12,14,15,16,18,19,20,21,23,24,25,27,28,29,30,32,33,34,36,37, or 38 (31 cases) and length of PDSCH can be 1,2,3,4,6,7,8,10,11,12,13,15,16,17,19,20,21,22,24,25,26,28,29,30,31,33,34,35,37,38, or 39 (31 cases). So, we can conclude that the starting PRB index granularity and PRB length granularity are improved by using assumption that the initial BWP has M PRBs. 

· Proposal 1. Instead of # of PRBs in an initial BWP, Ninitial, M is used to interpret RIV for option 1 and option 3. 
· M is the largest integer such that ceil(log2(M*(M+1)/2))≤ceil(log2(Ninitial*(Ninitial+1)/2))
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Figure 5. An illustration of option 1-1 with M=31 when initial DL BWP has 24 PRBs and active DL BWP has 40 PRBs
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Figure 6. An illustration of option 3-1 with M=31 and K=40/31 when initial DL BWP has 24 PRBs and active DL BWP has 40 PRBs

The problem of option 2 with post-padding is that, range after post-padding exceeds the maximum RIV value in the active DL BWP. Note that the maximum RIV value in the active DL BWP is Nactive*(Nactive+1)/2-1. Recall that post-padding is equivalent to multiplexing 2n to a value in the frequency-domain RA field, where n is number of zero padding bits. By relaxing the condition of 2n (and zero padding), the value in the frequency-domain RA field is scaled by factor of K. In other words, RIV = floor(K*X), where X is the value in the frequency-domain RA field. Since the maximum value of X is 2B-1 where B is the number of bits for the frequency-domain RA field, K = (Nactive*(Nactive+1)/2)/(2B) can be selected. The modified option 2 is presented as follows:
Opt 2-1) RIV is obtained by scaling a value in the frequency-domain RA field by factor of K and then the RIV is interpreted in and applied to the active BWP.
Figure 7 illustrates option 2-1. As shown Figure 7, 512 PDSCH combinations can be used. 
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Figure 7. An illustration of option 2-1 with K=(40*41/2)/(28) when initial DL BWP has 24 PRBs and active DL BWP has 40 PRBs

We summary the number of starting PRB index, # of lengths and # of combinations of PDSCH in table 1, where initial DL BWP has 24 PRBs and active DL BWP has 40 PRBs. 
Table 1. Comparison of Options
	
	Opt 1
	Opt 1-1
	Opt 2 
(pre-padding)
	Opt 2 
(post-padding)
	Opt 2-1
	Opt 3
	Opt 3-1

	# of starting PRB index (possible starting PRB index)
	24
(0~23)
	31 
(0~30)
	40
(0~39)
	20
(even index if length<22, odd index if length≥22)
	-
(see figure 7)
	24
(0,1,3,5,6,8,10,11,13,15,16,18,20,21,23,25,26,28,30,31,33,35,36,38)
	31
(0,1,2,3,5,6,7,9,10,11,12,14,15,16,18,19,20,21,23,24,25,27,28,29,30,32,33,34,36,37,38)

	# of lengths (possible lengths)
	24
(1~24)
	31
(1~31)
	25
(1~13, 29~30)
	40
(1~40)
	-
(see figure 7)
	24
(1,2,4,6,7,9,11,12,14,16,17,19,21,22,24,26,27,29,31,32,34,36,37,39)
	31
(1,2,3,4,6,7,8,10,11,12,13,15,16,17,19,20,21,22,24,25,26,28,29,30,31,33,34,35,37,38,39)

	# of Combinations
	300 
	496
	512
	410
	512
	300
	496



Based on table 1, our preference is summarized as 
· Proposal 2: 
· If the maximum length of PDSCH would be quite small, then option 1-1 is preferred. 
· Otherwise 
· option 2-1 with post-padding is preferred if finer PRB length granularity is needed
· option 3-1 is preferred if both finer starting PRB index granularity and finer PRB length granularity are needed

3 Conclusion
In this contribution, we discussed interpretation rule for frequency-domain resource allocation field. Our views are summarized as follows:
· Proposal 1: Instead of # of PRBs in an initial BWP, Ninitial, M is used to interpret RIV for option 1 and option 3. 
· M is the largest integer such that ceil(log2(M*(M+1)/2))≤ceil(log2(Ninitial*(Ninitial+1)/2))
· Proposal 2:
· If the maximum length of PDSCH would be quite small, then option 1-1 is preferred. 
· Otherwise 
· option 2-1 with post-padding is preferred if finer PRB length granularity is needed
· option 3-1 is preferred if both finer starting PRB index granularity and finer PRB length granularity are needed
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