3GPP TSG RAN WG1 Meeting AH1801		R1-1800451
Vancouver, Canada, January 22nd – 26th, 2018
Source:	Samsung
Title:	Corrections on DL/UL Resource Allocation
Document for:	Discussion and Decision
[bookmark: Source]Agenda item:	7.3.3.1
1. Introduction
In this contribution, the remaining issues of DL/UL resource allocation aspects and TBS design are discussed.
2. Frequency Resource Allocation Aspects
RA Type 0
In TS 38.214, the RBG sizes for downlink and uplink resource allocation type 0 need to be finalized.
With two configurations, it is possible to provide some tradeoff in terms of scheduling flexibility and signalling overhead. Considering that configuration 1 is the default one before RRC configuration, it is preferred that the RBG size in configuration 1 has less signalling overhead while configuration 2 can provide more scheduling flexibility. On the other hand, configuration 1 with low signalling overhead can be considered for non-slot based scheduling. Therefore for configuration 1, the full set of RBG sizes (i.e., 2, 4, 8, and 16) are used, considering tradeoff between signalling and scheduling flexibility among 4 RBG sizes in the BW ranges. In Table 1, one example set of RBG sizes in configuration 1 is shown.
In configuration 2, for a given BW range, a smaller RBG size can be used, which hence provides a bit finer scheduling granularity and flexibility but with higher signalling overhead compared to configuration 1. In Table 2, one example set of RBG sizes in configuration 2 is shown. Finally, we consider the combination of configuration 1 and configuration 2 for the final determination of RBG sizes, as shown in Figure 1.
Table 1: RBG set for Configuration 1
	
	Config 1
	#Bits

	<= 26 RBs
	2
	   – 13 

	27 – 60 RBs
	4
	7 – 15 

	61 – 128 RBs
	8
	8 – 16

	129 – 275 RBs
	16
	9 – 18 



Table 2: RBG set for Configuration 2
	
	Config 2
	#Bits

	<= 40 RBs
	2
	     – 20 

	41 – 96 RBs
	4
	11 – 24 

	97 – 224 RBs
	8
	13 – 28

	225 – 275 RBs
	16
	15 – 18 



[image: ]
Figure 1: Bitmap size vs. RBG configurations
Proposal 1: Adopt the following change for both downlink and uplink resource allocation type 0, i.e., Table 5.1.2.2.1-1 and Table 6.1.2.2.1-1 in TS38.214:
	Carrier Bandwidth Part Size
	Configuration 1
	Configuration 2

	 <= 26 RBs[1st Range of RBs]
	P = 2[one of {2, 4, 8, 16}]
	P = 2[one of {2, 4, 8, 16}]

	 27 – 40 RBs[2nd Range of RBs]
	P = 4[one of {2, 4, 8, 16}]
	P = 2[one of {2, 4, 8, 16}]

	 41 – 60 RBs[3rd Range of RBs]
	P = 4[one of {2, 4, 8, 16}]
	P = 4[one of {2, 4, 8, 16}]

	 61 – 96 RBs[4th Range of RBs]
	P = 8[one of {2, 4, 8, 16}]
	P = 4[one of {2, 4, 8, 16}]

	97 – 128 RBs
	P = 8
	P = 8

	129 – 224 RBs
	P = 16
	P = 8

	225 – 275 RBs
	P = 16
	P = 16



DCI payload determination for multiple BWPs
The number of RBs per BWP can be different for different BWPs, thus the bit length of frequency domain resource assignment in DCI for type 1 may be different for different BWPs. For resource type 0, the RBG size varies with BWP size, then, the number of RBGs may also be different thus the bit length of frequency domain resource assignment is also different. In addition, if SUL is configured for a serving cell and both non-SUL and SUL in the serving cell are configured for potential PUSCH transmission, a UE needs to monitor non-fallback DCI scheduling PUSCH on BWPs on both non-SUL and SUL (e.g. at most 8 BWPs in case of BWP activation/deactivation by DCI) and then an impact on the number of PDCCH blind detections may be more severe. To avoid additional PDCCH blind detection due to variable DCI payloads, the DCI payload should be fixed irrespective of which BWP/UL/SUL is activated in a serving cell.  The following options can be considered,  
· Option 1: The bit-length of each bit field is determined by the maximum size among all configured BWPs/SUL/UL, and zeros shall be appended in the corresponding bit field if the information bits in that bit field for the scheduled BWP/SUL/UL are less. Since the BWP indicator is located ahead of frequency domain resource assignment, UE can surely identify the starting bit positon for frequency domain resource assignment without any confusion.  
· Option 2: The bit-length of each bit field is determined by the scheduled BWP/SUL/UL, and zeros shall be appended to the end of last bit field in DCI format until the payload size equals to the maximum size among all configured BWPs/SUL/UL. To avoid any confusion of bit location in DCI format, UL/SUL indicator should be located ahead of any UL/SUL/BWP specific bit field.  

Proposal 2: Update TS38.212 to clarify the DCI format size is determined according to the maximum payload of all configured BWPs/UL/SUL according to either option 1 or option 2 discussed above.

Frequency domain resource determination before RRC connection setup
For resource allocation type 1, distributed VRB-to-PRB mapping (block interleaving) can be supported for diversity gain. Distributed VRB-to-PRB mapping is usually beneficial for DL/UL transmission before RRC connection setup, wherein gNB has no knowledge of channel state information of a UE or it is broadcast transmission such as RMSI/OSI. 
For distributed VRB-to-PRB, the mapping is performed in terms of resource block bundles determined by bundle size provided by the higher-layer parameter VRB-to-PRB-interleaver with the value of 2 or 4. Before RRC connection setup, the bundle size should be pre-defined, e.g., as 2. 
Proposal 3: Define a default value of bundle size in TS 38.211 for interleaved VRB-to-PRB mapping before RRC connection setup. 
	< Unchanged parts are omitted >
6.3.1.6	 Mapping from virtual to physical resource blocks
Virtual resource blocks shall be mapped to physical resource blocks according to the indicated mapping scheme, non-interleaved or interleaved mapping.


For non-interleaved VRB-to-PRB mapping, virtual resource block   is mapped to physical resource block .
For interleaved VRB-to-PRB mapping, the mapping process is defined in terms of resource block bundles:



-	Resource block bundle  is defined as resource blocks  where  is the bundle size provided by the higher-layer parameter VRB-to-PRB-interleaver. If L is not configured (a value from 2 or 4), L is set to 2.


-	Virtual resource block bundle  is mapped to physical resource block bundle  where 



	with  representing the size of the carrier bandwidth part in which the PUSCH is transmitted.
< Unchanged parts are omitted >
7.3.1.6 Mapping from virtual to physical resource blocks
The UE shall assume the virtual resource blocks are mapped to physical resource blocks according to the indicated mapping scheme, non-interleaved or interleaved mapping.


For non-interleaved VRB-to-PRB mapping, virtual resource block   is mapped to physical resource block .
For interleaved VRB-to-PRB mapping, the mapping process is defined in terms of resource block bundles:



-	Resource block bundle  is defined as resource blocks  where  is the bundle size provided by the higher-layer parameter VRB-to-PRB-interleaver. If L is not configured (a value from 2 or 4), L is set to 2.


-	Virtual resource block bundle  is mapped to physical resource block bundle   where 



	with  representing the size of the carrier bandwidth part in which the PDSCH is transmitted.



The UE may assume that the same precoding in the frequency domain is used across a bundle of common resource blocks numbered  where  and the bundle size  is given by the higher-layer parameter PDSCH-bundle-size if configured, otherwise by the DCI scheduling the transmission. The UE shall not make any assumption that the same precoding is used for different bundles of common resource blocks. 
< Unchanged parts are omitted >


3. Time Resource Allocation Aspects
	In NR, it is possible that gNB is able to schedule flexible time duration regarding resource allocation in time domain. Scheduling DCI can have not only frequency domain PDSCH resources field but also time domain PDSCH resources field. Time domain PDSCH resource field consists of three components with followings: slot index of scheduled PDSCH based on slot index where scheduling DCI is detected, combination of starting symbol and the number of consecutive symbols, PDSCH mapping types. Those components jointly encoded into each entry of RRC configured table for time domain PDSCH resource field. It is noted that time domain PUSCH resource field also has a similar form of time domain PDSCH resource field.  Following description shows current specification for time resource allocation in [4]. 
	1 
2 
3 
4 
4.1 
4.1.1 
4.1.2 
4.1.2.1 Resource allocation in time domain
When the UE is scheduled to receive PDSCH by a DCI, the Time-domain PDSCH resources field of the DCI provides a row index of an RRC configured table [pdsch-symbolAllocation], where the indexed row defines the slot offset K0, the start and length indicator SLIV, and the PDSCH mapping type to be assumed in the PDSCH reception.
-	The slot allocated for the PDSCH is determined by K0 of the indexed row n+K0, where n is the slot with the scheduling DCI, K0 is based on the numerology of PDSCH, and
-	The starting symbol S relative to [the start of the slot], and the number of consecutive symbols L counting from the symbol S allocated for the PDSCH are determined from the start and length indicator SLIV of the indexed row:

if  then


else 



where, and
-	The PDSCH mapping type is set to Type A or Type B as defined in sub-clause 7.4.1.1.2 [4, TS 38.211] as given by the indexed row.
When the UE is configured with aggregation-factor-DL > 1, the same symbol allocation is applied across the aggregation-factor-DL consecutive slots not defined as UL by the slot format indication.



	According to the above description, the first component means slot index K0 where PDSCH is scheduled and the second component means SLIV (Start and Length Indicator Value) in which starting symbol index and the number of consecutive symbols are jointly encoded in the component. The third component means PDSCH mapping type depending on DMRS symbol location. In details, SLIV is used for indicating PDSCH time duration within a slot indicated by K0. For example, if SLIV has a value of 40, starting symbol S has a value of 1 and the number of consecutive symbols L has a value of 13 (as shown in Fig. 1) according to the defined rule from the above description. 

[image: ]
Fig. 1 An example of SLIV

	However, current SLIV design focuses on NCP (Normal Cyclic Prefix) as the equation of SLIV includes values 7 or 14 which means a half slot length and slot length respectively in case of NCP slot having 14 symbols within a slot. Accordingly, equation of SLIV should be modified to include the case of ECP having 12 symbols within a slot. The reason why SLIV needs another form for ECP is the possibility of incorrect UE behavior. If the same SLIV rule is applied to UE who is already configured as ECP operation and then UE receives scheduling DCI with SLIV having a value of 40, then UE assumes that last two symbols are located in the next slot as shown in Fig. 2. Even though the possibility can be resolved by gNB implementation, UE should still expect the possibility of happening spanning PDSCH resource allocation spanning two consecutive slots by only SLIV. It might not be a good way for ECP configured UE to completely rely on gNB implementation to solve this problem. Therefore, the current equation of SLIV should be changed to be more general form in order to remove the above situation for ECP configured UE. 

[image: ]
Fig. 2 An example of SLIV in case of ECP

	There are two possible options to address this issue. The first option is to modify current described SLIV equation into separate equations for NCP configured UE and ECP configured UE, respectively. Following is related modified version of SLIV according to the first option. 

	if   then
    
else 
     

where, and
where   and (X, Y) = (7, 14) in case of NCP configured by RRC, (X, Y) = (6, 12) in case of ECP configured by RRC



	Second option is to add one sentence as follows. UE does not expect to receive SLIV which allocates time domain resource across slot boundary if the UE is configured to have ECP by higher layer signalling. In different with the first option, the second option does not require individual SLIV values depending on NCP configured UE or ECP configured UE. So, it might be simpler to have the second option to solve the above problem. 

Proposal 4: The description of SLIV for UL and DL time domain resource allocation (as shown in 5.1.2.1 and 6.1.2.1 in TS 38.214) should be added following sentence in order to include ECP case. 
	UE does not expect to receive SLIV which allocates time domain resource across slot boundary if the UE is configured to have ECP by higher layer signalling



Time domain resource determination before RRC connection setup
UE can derive the time domain resource for PDSCH reception/PUSCH transmission from Time domain resource assignment bit field of the DCI which is associated with a row of an RRC configured table [pdsch-symbolAllocation].Before RRC connection setup, a default table should be defined in the specification for time resource determination. The number of rows of the default table can be much smaller than RRC configured table to keep the balance between the flexibility and coverage, e.g., 0 - 2 bits in DCI format 0_0/1_0 or a more compacted DCI for initial access [5]. 
For the scheduling of RMSI, the default values may depend on RMSI pattern. 
· For RMSI pattern 1 (TDM case), both PDSCH mapping type A and type B is applicable. For simplicity, the default value is type A. The default slot timing can be fixed as K0=0, default starting symbol can be fixed as first symbol after CORESET, and ends at slot boundary. Alternatively, a 4-row table can be pre-defined, and DCI indicates one row. 
· For RMSI pattern 2/3 (FDM case), a single default value for time domain resource is sufficient, because PDSCH of RMSI has to be confined within the SSB duration. Then, the  default slot timing is fixed as K0=0, default starting symbol can be fixed as first symbol after CORESET, and ends at SSB boundary with PDSCH mapping type B. 
For the scheduling of Msg2/Msg3/Msg4, a single default value for time domain resource is not sufficient because RAN1 agreed to support both PDSCH/PUSCH mapping type A and B. Moreover, the flexibility to assign RMSI and RAR in the same or different slot when there is limited room for both RMSI and RAR transmission in the same slot is highly desirable, e.g., for RMSI pattern 3. More details can be found in [6]. 
[bookmark: _Ref473663031]Proposal 5: Define a single or a set of default time domain resource allocations for PDSCH/PUSCH before RRC connection setup [5] [6]. 
4. TBS Aspects
In this contribution, the remaining issues for clarification of TBS design are discussed.

Consideration of payload size of UCI on PUSCH
TBS determination in NR uses a formula based on the actual allocated resources in order to guarantee the actual code rate as much similar to the target code rate. In this regards, the available RE is calculated as below.
	




, where is the number of subcarriers in the frequency domain in a physical resource block,  is the number of scheduled OFDM symbols in a slot,   is the number of REs for DM-RS per PRB in the scheduled duration including the overhead of the DM-RS CDM groups indicated by DCI format 0_0/0_1, and  is the overhead configured by higher layer parameter Xoh-PUSCH. If the Xoh-PUSCH is not configured (a value from 0, 6, 12, or 18), the Xoh-PDSCH is set to 0.


In NR, when HARQ-ACK feedback information is transmitted on PUSCH, rate-matching is adopted. Therefore, the gNB and the UE should know the payload size of HARQ-ACK information in order to correctly decode PUSCH. This HARQ-ACK information can be very large compared to the allocated resources, especially for mini-slot scheduling cases. In this case, the actual code rate could be unintentionally too large to decode data successfully. Therefore, we propose to consider the payload size of UCI on PUSCH.

Proposal 6: The payload size of UCI on PUSCH is considered in computation of.

Consideration of PDSCH/PUSCH with other RNTI’s than C-RNTI
In Section 5.1.3.2 and Section 6.1.4.2 in [4], how to determine TBS of PDSCH and PUSCH, respectively, is described for C-NRTI cases. RAN1 needs to specify TBS determination for PDSCH/PUSCH, where the scheduling PDCCH with CRC scrambled by other RNTI’s, e.g., SI-RNTI and TC-RNTI. 
The above RNTI’s are related to PDSCH/PUSCH before UE-specific RRC configurations. Therefore, some RRC-configurable overhead should not affect the computation of TBS for those RNTI’s. So, the current specification has the part of “If the Xoh-PDSCH is not configured (a value from 0, 6, 12, or 18), the Xoh-PDSCH is set to 0,” in [4]. Therefore, the current procedure can support TBS determination for PDSCH/PUSCH, where the scheduling PDCCH with CRC scrambled by other RNTI’s, e.g., SI-RNTI and TC-RNTI.

Proposal 7: It is suggested that “For the PDSCH assigned by a PDCCH with DCI format 1_0/1_1 with CRC scrambled by C-RNTI,” in [Section 5.1.3.2, 4] is changed to “For the PDSCH assigned by a PDCCH with DCI format 1_0/1_1 with CRC scrambled by C-RNTI, TC-RNTI, and SI-RNTI”
Proposal 8: It is suggested that “For the PUSCH is assigned by a DCI format 0_0/0_1 with CRC scrambled by C-RNTI,” in [Section 6.1.4.2, 4] is changed to “For the PUSCH is assigned by a DCI format 0_0/0_1 with CRC scrambled by C-RNTI, TC-RNTI, and SI-RNTI”
5. Conclusions
This contribution discussed the DL/UL resource allocation aspects and proposed the following corrections:
Proposal 1: Adopt the following change for both downlink and uplink resource allocation type 0, i.e., Table 5.1.2.2.1-1 and Table 6.1.2.2.1-1 in TS38.214:
	Carrier Bandwidth Part Size
	Configuration 1
	Configuration 2

	 <= 26 RBs[1st Range of RBs]
	P = 2[one of {2, 4, 8, 16}]
	P = 2[one of {2, 4, 8, 16}]

	 27 – 40 RBs[2nd Range of RBs]
	P = 4[one of {2, 4, 8, 16}]
	P = 2[one of {2, 4, 8, 16}]

	 41 – 60 RBs[3rd Range of RBs]
	P = 4[one of {2, 4, 8, 16}]
	P = 4[one of {2, 4, 8, 16}]

	 61 – 96 RBs[4th Range of RBs]
	P = 8[one of {2, 4, 8, 16}]
	P = 4[one of {2, 4, 8, 16}]

	97 – 128 RBs
	P = 8
	P = 8

	129 – 224 RBs
	P = 16
	P = 8

	225 – 275 RBs
	P = 16
	P = 16



Proposal 2: Update TS38.212 to clarify the DCI format size is determined according to the maximum payload of all configured BWPs/UL/SUL according to either option 1 or option 2 discussed above.

Proposal 3: Define a default value of bundle size in TS 38.211 for interleaved VRB-to-PRB mapping before RRC connection setup. 
	< Unchanged parts are omitted >
6.3.1.6	 Mapping from virtual to physical resource blocks
Virtual resource blocks shall be mapped to physical resource blocks according to the indicated mapping scheme, non-interleaved or interleaved mapping.


For non-interleaved VRB-to-PRB mapping, virtual resource block   is mapped to physical resource block .
For interleaved VRB-to-PRB mapping, the mapping process is defined in terms of resource block bundles:



-	Resource block bundle  is defined as resource blocks  where  is the bundle size provided by the higher-layer parameter VRB-to-PRB-interleaver. If L is not configured (a value from 2 or 4), L is set to 2.


-	Virtual resource block bundle  is mapped to physical resource block bundle  where 



	with  representing the size of the carrier bandwidth part in which the PUSCH is transmitted.
< Unchanged parts are omitted >
7.3.1.6 Mapping from virtual to physical resource blocks
The UE shall assume the virtual resource blocks are mapped to physical resource blocks according to the indicated mapping scheme, non-interleaved or interleaved mapping.


For non-interleaved VRB-to-PRB mapping, virtual resource block   is mapped to physical resource block .
For interleaved VRB-to-PRB mapping, the mapping process is defined in terms of resource block bundles:



[bookmark: _GoBack]-	Resource block bundle  is defined as resource blocks  where  is the bundle size provided by the higher-layer parameter VRB-to-PRB-interleaver. If L is not configured (a value from 2 or 4), L is set to 2.


-	Virtual resource block bundle  is mapped to physical resource block bundle   where 



	with  representing the size of the carrier bandwidth part in which the PDSCH is transmitted.



The UE may assume that the same precoding in the frequency domain is used across a bundle of common resource blocks numbered  where  and the bundle size  is given by the higher-layer parameter PDSCH-bundle-size if configured, otherwise by the DCI scheduling the transmission. The UE shall not make any assumption that the same precoding is used for different bundles of common resource blocks. 
< Unchanged parts are omitted >



Proposal 4: The description of SLIV for UL and DL time domain resource allocation (as shown in 5.1.2.1 and 6.1.2.1 in TS 38.214) should be added following sentence in order to include ECP case. 
	UE does not expect to receive SLIV which allocates time domain resource across slot boundary if the UE is configured to have ECP by higher layer signalling



Proposal 5: Define a single or a set of default time domain resource allocations for PDSCH/PUSCH before RRC connection setup [5] [6]. 

Proposal 6: The payload size of UCI on PUSCH is considered in computation of.
Proposal 7: It is suggested that “For the PDSCH assigned by a PDCCH with DCI format 1_0/1_1 with CRC scrambled by C-RNTI,” in [Section 5.1.3.2, 4] is changed to “For the PDSCH assigned by a PDCCH with DCI format 1_0/1_1 with CRC scrambled by C-RNTI, TC-RNTI, and SI-RNTI”
Proposal 8: It is suggested that “For the PUSCH is assigned by a DCI format 0_0/0_1 with CRC scrambled by C-RNTI,” in [Section 6.1.4.2, 4] is changed to “For the PUSCH is assigned by a DCI format 0_0/0_1 with CRC scrambled by C-RNTI, TC-RNTI, and SI-RNTI”
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