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[bookmark: _GoBack]This contribution discusses some remaining issues for specification regarding the DL/UL resource allocation. In particular, these topics are discussed in the following sections.
· Time domain resource allocation 
· Frequency domain resource allocation
· VRB-to-PRB mapping for frequency diversity

This is based on R1-1800875 which was submitted previously at RAN1 AH 1801. 
Time domain resource allocation
Supported SLIV values
In RAN1 #91 [1], the following was agreed below to be captured in specifications.
Agreements:
· One table for UL, one table for DL configured by RRC in Rel-15
· Each table is up to 16 rows
· In the table, each row is configured by RRC with 
· K0 using 2 bits (for DL table),  K2 using 3 bits (for UL table)
· an index (6-bit) into a table/equation in RAN1 specs capturing valid combinations of start symbol and length (jointly encoded)
· PDSCH mapping type A or B
· The reference point for starting OFDM symbol:
· No RRC impact (e.g., slot boundary, start of CORESET where the PDCCH was found, or part of the table/equation in RAN1 specs. FFS details)
· Aggregation factor (1, 2, 4, 8 for DL or UL) is semi-statically configured separately (i.e. not part of table) 
· No additional RRC impact how to use the aggregation factor along with the tables


Further progress was made in RAN1 AH 1801, where the supported set of SLIV was reduced based on the following agreements.

Agreements:
For PDSCH:
· Supported combinations for PDSCH mapping type A:
· Starting symbol can be symbol index #0, 1, 2, 3 in a slot.
· Length of the PDSCH is at least X symbols, up to 14 symbols within a slot, such that slot boundary is not crossed 
· FFS the value of X
· Supported combinations for PDSCH mapping type B:
· Length of the PDSCH can be 2, 4, or 7 symbols.
· Starting symbol can be any position within a slot, such that slot boundary is not crossed.

Agreements:
For PUSCH
· PUSCH mapping type A:
· Starting symbol is symbol index #0 in a slot.
· Length of the PUSCH is at least Y symbols, up to 14 symbols
· FFS the value of Y
· PUSCH mapping type B (All 105 combinations)
· Length of the PUSCH can be 2 through 14 symbols, and with 1 symbol as a working assumption
Starting symbol can be any position within a slot, such that slot boundary is not crossed.

In this meeting, we propose to complete the specification with respect to the highlighted values above. First, it is important to clarify that the length of the allocation for PDSCH type A does not necessarily dictate the ending symbol, since the start location may or may not overlap with the control region (see Figure 1). 



Figure 1. Illustration of 4-symbol PDSCH allocations without and with control region reuse

In the last meeting, some companies proposed PDSCH Type A allocations which allow for comparable guard periods to LTE TDD special subframes, which would lead to values of X as low as 4 symbols (in the case of control region re-use). This may be desireable since PDSCH Type A is the baseline UE capability in Release 15. However, it is important that the UE processing times in such cases are relaxed, since the delay from starting the processing after control decoding, relative to the overall processing time, may be substantial particularly when the DMRS is front-loaded. 

We also note that the notion of “duration” for PDSCH in TS38.211 is under the assumption that PDSCH always starts on the 1st symbol, while the notion of duration for PDSCH in TS38.214 is based on the number of symbols after the start location. Therefore, we recommend that the PDSCH text in TS38.211 be corrected.

Proposal 1: The minimum supported length for PDSCH mapping type A is 4. If the ending symbol for the PDSCH allocation occurs on the m-th symbol where m < 7, then the minimum UE processing time for N1 should be increased by N1+(7-m).
· The notion of PDSCH duration in TS38.211 subclause 7.4.1.1.2 (as well as in Table 7.4.1.1.2-3) should be corrected to be consistent with TS38.214 where the start location is not restricted to be the first OFDM symbol.

For the uplink, there is less of concern with UE processing time. However, since the DMRS location remains fixed it is important that the PUSCH always span a region which includes the DMRS. Therefore, we have a similar proposal for the length of Y. Finally, the benefit of having 1-symbol PUSCH Type B is for resource efficiency in TDD systems where there is a short uplink burst. One may accommodate SRS TDMed with data, or PUCCH TDMed with data. So we confirm the working assumption below.

Proposal 2: The minimum supported length for PUSCH mapping type B is 4. The minimum supported length for PUSCH mapping type B is 1.

In RAN1 #91, there was an additional agreement on UE behavior which should be reflected in this subclause of the specification.
Agreements: 
· [bookmark: _Hlk503525615]UE is not expected to receive PDSCH type A in the same slot if the PDCCH monitoring is after the first two or three symbols of a slot
· Note: PUSCH mapping is up to MIMO decision

Therefore, we have the following proposal to capture this text in the specification.
Proposal 3: The TS38.214 (CR in version R1-1801294) subclause 5.1.2.1 should have the additional text related to UE behavior, “UE is not expected to receive PDSCH type A in the same slot if the PDCCH monitoring is after the first  symbols of the slot, where the value of  is set by the high-layer parameter DL-DMRS-typeA-pos”
Default SLIV values
In RAN1 AH 1801, the following aspects were agreed.
Agreements:
· For each search space configuration configured by UE-specific RRC signaling, the UE is informed whether the search space configuration is CSS or USS, together with the following information, as part of the search space configuration:
· Which DCI format(s) to monitor
· For a CSS,
· DCI format 0_0 and DCI format 1_0
· In which case, the UE monitors the DCI format with CRC scrambled by C-RNTI, CS-RNTI (if configured), SP-CSI-RNTI (if configured), RA-RNTI, TC-RNTI, P-RNTI, SI-RNTI
· DCI format 2_0
· In which case, the UE monitors the DCI format with CRC scrambled by SFI-RNTI, and the SFI-related parameters SFI-PDCCH is provided as part of the search space configuration
· FFS: how to select one or two decoding candidates if the configured PDCCH candidates are larger than the value
· DCI format 2_1
· In which case, the UE monitors the DCI format with CRC scrambled by INT-RNTI, and the PI-related parameters Preemp-DL is provided as part of the search space configuration
· DCI format 2_2
· In which case, the UE monitors the DCI format with CRC scrambled by TPC-PUSCH-RNTI or TPC-PUCCH-RNTI
· DCI format 2_3
· In which case, the UE monitors the DCI format with CRC scrambled by TPC-SRS-RNTI
· Monitoring of multiple DCI formats can be configured for one CSS
· For USS,
· A UE monitors the DCI format with CRC scrambled by C-RNTI, CS-RNTI (if configured), TC-RNTI (if a certain condition is met), and SP-CSI-RNTI (if configured)
· Further discussion offline the association of the RNTIs with DCI formats 
Monitoring of multiple DCI formats can be configured for one USS

Given the above agreement, it seems clear that the fallback DCI 1_0 will be used in two cases. For the case of initial acquisition, the fallback DCI fields (including SLIV) will follow the RMSI DCI configuration for determining the scheduled resources for the RMSI on PDSCH. After this point, there can be RRC configuration at which point the fallback DCI may be reconfigured (along with the CSS and USS which may use this fallback DCI). Therefore, there is no need to further define any default SLIV for the fallback DCI.
Proposal 4: No default SLIV is provided in specification for the fallback DCI, i.e., DCI Format 1_0.

RVID in Grant-Based Slot Aggregation (TB repetition)
In RAN1 AH #3 (Nagoya), it was agreed that TB could be repeated across multiple slots.
Agreements:
· For grant-based DL or UL, transmissions where a TB spans multiple slots or mini-slots can be composed of repetitions of the TB
· The repetitions follow an RV sequence 
· FFS how the sequence is defined in specification
· FFS if there is one repetition of the TB per slot in the case of repetitions using mini-slots
· FFS for grant-based DL or UL transmissions, if a TB can span multiple slots without repetitions

Following in RAN1 AH 1801, the following clarifications were made and one comment regarding signaling of the RV ordering was raised.
Agreements:
· In case of slot-aggregation is configured
· the same symbol allocation is used across slots in UL
· Note: this aligns with the DL case
· the TB is repeated across the slots
· Discuss further offline the RV order for the DL/UL transmission (scheduled by DCI) spanning multiple slots (also checking the existing agreements made in the coding session)
· In case of slot-aggregation is configured, the configuration is limited to rank 1 only for both DL and UL

After checking agreements in the coding session for RAN1-90bis, we see that there was an agreement on a default RV order which was optimized for performance, but the issue similarly remains open for the case when the RV index can be explicitly signaled.
Agreement (RAN1-90bis): 
· The default RV order is {0,2,3,1} for cases where RV index is not explicitly signalled or otherwise specified and there is no ambiguity about which instance of a transmission occurred, for both BG1 and BG2

Here we propose to clarify this remaining open item.
Proposal 5: In the case when slot-aggregation is configured, for grant-based UL and DL transmissions the RVID field in DCI is used to indicate the starting RV within the default sequence {0,2,3,1}. 


Frequency domain resource allocation
The following agreement was made at RAN1 #90bis [5] regarding frequency domain resource allocation.
Agreements:
	
	Config 1
	Config 2

	X0 – X1 RBs
	RBG size 1
	RBG size 2

	X1+1 – X2 RBs
	RBG size 3
	RBG size 4

	…
	…
	…



· RRC selects config 1 or config 2
· One config (config 1) is the default until RRC configures otherwise
· The numbers ‘RBG size’ in the table are fixed in the spec
· The number of rows should be no more than [4-6]
· Same table for DL and UL
· The configuration for DL & UL is separate
· Same RBG size irrespective of the duration (slot vs. non-slot)

This was not further refined in RAN1 #91. Not that one important aspect to consider is DCI overhead when addressing wider bandwidths. It is beneficial not to the have the DCI overhead not to scale with bandwidth. Furthermore, the benefit of having to configurations is that there can be two levels of granularity for allocations which scale with bandwidth, while ensuring there is at least a fallback with efficient DCI overhead for better coverage. This was raised in a previous contribution [6].

Proposal 6: The RBG sizes in the above table should satisfy the following requirements
· For both configurations, the RBG sizes should scale up proportionally with bandwidth.
· Config 1 should have only RBG sizes 8 and 16 to allow for smaller DCI sizes and coarser scheduling granularity
· This should be the fallback (or default) configuration
· Config 2 may have additional RBG sizes of 2,4,8 and 16 to allow for larger DCI szes and finer scheduling granularity.

Finally, the configurability should be matched with the supported PRG sizes which are {2,4,full bandwidth}. One natural and consistent proposal to realize this would be the following table which is matched to “Table 5.2.1.4-2: Configurable subband sizes” of TS 38.214.

Proposal 7: The RBG sizes for config 1 and config 2 which can be selected by RRC are given in the table below.

	BWP size
	Config 1
	Config 2

	< 24 RBs
	4
	2

	24 – 72 RBs 
	8
	4

	73 – 144 RBs
	16
	8

	144 – 275 RBs
	16
	16



Additionally, for the 38.214 subclause 5.1.2.2.2 on downlink resource allocation type 1 does not preclude misalignment between the start/end of the allocation and the PRG grid. Including such a notion would help address the efficiency and improve the performance of the system. We therefore have the following proposal.


Corrections to VRB-to-PRB interleave mapping
The agreement from RAN1 AH 1801 stated the following
R1-1801176
Agreements:
· The TP in the document containing 7.3.1.6 of 38.211 in R1-1801176 is adopted

However, as was discussed offline there can be a potential issue with the text proposal, which is why R1-1801176 included a guidance document which stated that the TP be used as a starting point. Here we point out the issue and provide minor fix to the specification text to address the issue.

Issues with TP in R1-1801176
Following the text in R1-1801176,

[bookmark: _Toc500952720][bookmark: _Hlk494278129][bookmark: _Hlk494798832]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: _Hlk504539459]-	The set of  resource blocks in carrier bandwidth part  with starting position  are divided into  resource-block bundles in increasing order of the resource-block number and bundle number where  is the bundle size carrier bandwidth part  provided by the higher-layer parameter VRB-to-PRB-interleaver  and

[bookmark: _Hlk504539491]-	resource block bundle 0 consists of  resource blocks,




-	resource block bundle  consists of  resource blocks if  and  resource blocks otherwise,

-	all other resource block bundles consists of  resource blocks.

[bookmark: _Hlk504539775]-	Virtual resource blocks in the interval  are mapped to physical resource blocks according to


-	virtual resource block bundle  is mapped to physical resource block bundle 


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





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. 

In the text above, the last bundle (Nbundle-1) does not participate in interleaving but is directly mapped, only bundle 0 .. N_bundle-2 are interleaved. We have the following issue when the numerology leads to odd values of . The scheme does not guarantee maximum half band separation for the last two adjacent VRB bundles. In the figure below with 7 bundles total, we see VRB bundles 5 and 6 are directly mapped to PRB bundles:



In the appendix, a text proposal is provided which resolves this issue:
[image: ]


Prevalence of Issue
Note that, based on the 38.104 Subclause 5.3.2, we have the following component carrier bandwidths in number of RBs.
[bookmark: _Hlk497144372]Table 5.3.2-1: Maximum transmission bandwidth configuration NRB for FR1
	SCS [kHz]
	5
MHz
	10
MHz
	15
MHz
	30
MHz
	20 MHz
	25 MHz
	40 MHz
	50 MHz
	60 MHz
	70
MHz
	80 MHz
	90
MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	[160]
	106
	133
	216
	270
	N.A
	N.A
	N.A
	N.A
	N.A

	30
	11
	24
	38
	[78]
	51
	65
	106
	133
	162
	[189]
	217
	[245]
	273

	60
	N.A
	11
	18
	[38]
	24
	31
	51
	65
	79
	[93]
	107
	[121]
	135



Table 5.3.2-2: Maximum transmission bandwidth configuration NRB for FR2
	SCS [kHz]
	50MHz
	100MHz
	200MHz
	400 MHz

	
	NRB
	NRB
	NRB
	NRB

	60
	66
	132
	264
	N.A

	120
	32
	66
	132
	264



If we analyse the prevalence of odd bundle sizes in cases where one would like to maximize the spectral efficiency, we see that many issues may arise. The following two tables below provide bundle sizes for confirmed values in the above Table 5.3.2-1 for L=2 and L=4.

	L=2
	13
	26
	40
	 
	53
	67
	108
	135
	 
	 
	 
	 
	 

	 
	6
	12
	19
	 
	26
	33
	53
	67
	81
	 
	109
	 
	137

	 
	 
	6
	9
	 
	12
	16
	26
	33
	40
	 
	54
	 
	68



	L=4
	7
	13
	20
	 
	27
	34
	54
	68
	 
	 
	 
	 
	 

	 
	3
	6
	10
	 
	13
	17
	27
	34
	41
	 
	55
	 
	69

	 
	 
	3
	5
	 
	6
	8
	13
	17
	20
	 
	27
	 
	34



Proposal 8: Adopt the text proposal for VRB-to-PRB interleaver in the downlink according to Appendix 1 so there are no separation issues with odd bundle sizes.

Considerations for uplink VRB-to-PRB interleave mapping
As has been discussed, the benefits of VRB-to-PRB interleave mapping include both introducing frequency diversity for code blocks when there is a wideband (or even full bandwidth) allocation across the BWP, as well as distributing a small resource allocation across the entire BWP. The latter may be problematic in the case of the uplink, since non-contiguous allocations may exacerbate issues related to intermodulation distortion when RF front-end considerations are taken into account.
Therefore, in keeping with the plenary guidance from RP 172108 [3] which sought to de-prioritize and reduce workload of RAN4 with respect to non-contiguous allocations, we provide the following proposal.
Proposal 9: Postpone support of uplink VRB-to-PRB interleave mapping to after Release 15.
Conclusions
Proposal 1: The minimum supported length for PDSCH mapping type A is 4. If the ending symbol for the PDSCH allocation occurs on the m-th symbol where m < 7, then the minimum UE processing time for N1 should be increased by N1+(7-m).

Proposal 2: The minimum supported length for PUSCH mapping type B is 4. The minimum supported length for PUSCH mapping type B is 1.

Proposal 3: The TS38.214 (CR in version R1-1801294) subclause 5.1.2.1 should have the additional text related to UE behavior, “UE is not expected to receive PDSCH type A in the same slot if the PDCCH monitoring is after the first  symbols of the slot, where the value of  is set by the high-layer parameter DL-DMRS-typeA-pos”
Proposal 4: No default SLIV is provided in specification for the fallback DCI, i.e., DCI Format 1_0.

Proposal 5: In the case when slot-aggregation is configured, for grant-based UL and DL transmissions the RVID field in DCI is used to indicate the starting RV within the default sequence {0,2,3,1}.

Proposal 6: The RBG sizes in the above table should satisfy the following requirements
· For both configurations, the RBG sizes should scale up proportionally with bandwidth.
· Config 1 should have only RBG sizes 8 and 16 to allow for smaller DCI sizes and coarser scheduling granularity
· This should be the fallback (or default) configuration
· Config 2 may have additional RBG sizes of 2,4,8 and 16 to allow for larger DCI szes and finer scheduling granularity.

Proposal 7: The RBG sizes for config 1 and config 2 which can be selected by RRC are given in the table below.

	BWP size
	Config 1
	Config 2

	< 24 RBs
	4
	2

	24 – 72 RBs 
	8
	4

	73 – 144 RBs
	16
	8

	144 – 275 RBs
	16
	16



Proposal 8: Adopt the text proposal for VRB-to-PRB interleaver in the downlink according to Appendix 1 so there are no separation issues with odd bundle sizes.
Proposal 9: Postpone support of uplink VRB-to-PRB interleave mapping to after Release 15.
References
[1] RAN1 #91 Chairman’s Notes, Reno, USA
[2] RAN1 AH 1801 Chairman’s Notes, Vancouver, USA
[3] RP-172108, “Updated work plan of RAN1 and 4 NR, NTT Docomo, RAN #77, Sapporo, Japan

Appendix 1: Text Proposal
The following is a modified text proposal with changes tracked relative to R1-1801176.

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:






-	The set of  resource blocks in carrier bandwidth part  with starting position  are divided into  resource-block bundles in increasing order of the resource-block number and bundle number where  is the bundle size carrier bandwidth part  provided by the higher-layer parameter VRB-to-PRB-interleaver  and

-	resource block bundle 0 consists of  resource blocks,




-	resource block bundle  consists of  resource blocks if  and  resource blocks otherwise,

-	all other resource block bundles consists of  resource blocks.


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





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. 
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