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Introduction
In this contribution, we discuss the remaining DCI issues including RAR grant, PDCCH ordered RA, and some issues around DCI sizes, search spaces, and BWPs that are needed to stabilize the basic and essential NR functionalities within the scope of the drop approved during RAN#78.
Discussion
RAR grant
As part of the random access procedure, after receiving Random Access Request in MSG1, gNB will provide the required information in MSG2 - Random Access Response (RAR) message - for UE to send the MSG3 (RRC Connection Request). This is referred to the RAR Grant in the physical layer. In LTE, RAR Grant is a 20-bit message with contents from MSB to LSB as [1]
· Hopping flag – 1 bit
· This is 1 bit of information which governs whether frequency hopping is enabled or not. If the value of the bit is 1 and resource block assignment is type 0, UE should perform PUSCH frequency hopping.
· Fixed size resource block assignment – 10 bits
· 
if 

Truncate the fixed size resource block assignment to its b least significant bits, where , and interpret the truncated resource block assignment according to the rules for a regular DCI format 0
· else 

Insert b most significant bits with value set to '0' after the NUL_hop hopping bits in the fixed size resource block assignment, where the number of hopping bits NUL_hop is zero when the hopping flag bit is not set to 1, and is defined in Table 8.4-1 when the hopping flag bit is set to 1, and , and interpret the expanded resource block assignment according to the rules for a regular DCI format 0
· Truncated modulation and coding scheme – 4 bits
· The truncated modulation and coding scheme field is interpreted such that the modulation and coding scheme corresponding to the Random Access Response grant is determined from MCS indices 0 through 15 in Table 8.6.1-1 from TS 36.213
· TPC command for scheduled PUSCH – 3 bits
· It is indicated in 3 bits as a TPC command whose value varies from 0 to 7. TPC command to power mapping is given in Table 6.2-1 from TS 36.213. The TPC command value ranges from -6 dB to 8 dB with a 2 dB step size
· If a UE is configured with a higher layer parameter pusch-EnhancementsConfig, then this field is used to indicate the Repetition number of Msg3
· UL delay – 1 bit
· If a PDCCH with associated RA-RNTI is detected in subframe n, and the corresponding DL-SCH transport block contains a response to the transmitted preamble sequence, the UE shall, according to the information in the response, transmit an UL-SCH transport block in the first subframe n+k1, k1>=6, if the UL delay field is set to zero where n+k1 is the first available UL subframe for PUSCH transmission, where for TDD serving cell, the first UL subframe for PUSCH transmission is determined based on the UL/DL configuration (i.e., the parameter subframeAssignment) indicated by higher layers. The UE shall postpone the PUSCH transmission to the next available UL subframe after if the field is set to 1.
· CSI request – 1 bit
· This 1 bit of information determines whether an aperiodic CQI, PMI and RI report can be included in the PUSCH transmission. For contention based Random access CSI field is reserved.
For RAR grant in NR, note that RAN2 already has decided on 20 bits for UL grant in RAR, which has the same size as the RAR grant in LTE. It is natural to use a similar RAR grant structure for NR, but certain NR specific design factors need to be considered. We elaborate these aspects in the following.
· For truncated modulation and coding scheme, we can follow LTE by truncating MCS tables by only using the first 16 rows of a MCS table with up to 64 QAM. The specific MCS table used depends on if the network configures OFDM or DFT-S-OFDM for the uplink transmission.
· For TPC command for scheduled PUSCH, we can follow LTE with 3 bits to indicate a value in the range from -6 dB to 8 dB with a 2 dB step size.
· For CSI request field, it could be good to for the gNB to get a CSI report directly during a handover, so this 1-bit field may be useful but we are open to discuss its necessity.
· For time domain assignment, note that LTE RAR grant is based on an implicit rule, i.e., the UL-SCH transport block is scheduled in the first available UL subframe n+k1, k1>=6, and the transmission is postponed to the next available UL subframe after if the UL delay field is set to 1. NR supports both slot based and non-slot based MSG3 transmissions. For the non-slot based transmission, durations like 2, 4 and 7 OFDM-symbol for the PUSCH may be supported. In NR, UE can be configured with a time domain assignment table of 16 rows giving the OFDM symbols used for PUSCH transmission. For RAR grant, we propose to use [2-4] bits for time domain assignment to indicate an entry in a truncated time domain assignment table of [4-16] rows fixed in the spec or configured by RMSI and/or RRC.
· For frequency hopping flag, RAN1 has agreed that intra-slot frequency hopping is supported for MSG3, and thus a 1-bit hopping flag is needed for RAR grant in NR. 
· For fixed size resource block assignment, similar to LTE RAR grant, we can use NR resource allocation type 1 - contiguous RBs with start position and length. With fixed size 20-bit RAR grant and the number of bits used by the above fields, the number of bits left for fixed size resource block assignment is not more than 10. Assuming a ~20-byte MSG3, 6 RBs are needed for MCS=0 and slot based PUSCH transmission with 1+1+1 DMRS configuration. Table 1 shows the maximum number of RBs that can be allocated with NR resource allocation type 1 under some example BWP sizes with start position and length of 1-RB granularity. Considering (1) BWP size in NR can be much larger than the maximum LTE bandwidth and (2) non-slot based MSG3 transmission is supported, the start RB position and length should support x-RB granularity, where x>=1. Some example granularity values are given in Table 2. Like LTE RAR grant,
· If frequency hopping is not enabled, all the bits assigned to the field of fixed size resource block assignment can be used to indicate the start RB position and length.
· If frequency hopping is enabled, some MSB bits assigned to the field of fixed size resource block assignment are used for frequency hopping indication and the remaining LSB bits are used to indicate the start RB position and length. The number of MSB bits used for frequency hopping indication depends on how general PUSCH frequency hopping is designed and the frequency hopping configuration needs to be fixed in the spec or signaled in system information and/or RRC.
[bookmark: _Ref506064520]Table 1: Maximum number of RBs that can be allocated with NR resource allocation type 1 with start position and length of 1-RB granularity
	# of RBs in a BWP: N_RB
	N_RB = 44
	N_RB = 94
	N_RB = 188
	N_RB = 275

	10 bits w/o hopping
	44 RBs
	12 RBs
	6 RBs
	4 RBs

	10 bits w/ 2 bits excluded for hopping 
	7 RBs
	3 RBs
	2 RBs
	1 RB


  
[bookmark: _Ref506065237]Table 2: Proposed granularity of start position and length for fixed size resource block assignment in RAR grant
	# of RBs in a BWP: N_RB
	N_RB <= 94
	94 < N_RB <= 188
	188 < N_RB

	Slot based
	1 RB
	2 RB
	4 RB

	7 symbols
	2 RB
	4 RB
	8 RB

	4 symbols
	4 RB
	8 RB
	16 RB

	2 symbols
	8 RB
	16 RB
	32 RB



Overall, due to the flexibility of NR design, 20 bits for RAR grant may be a bit stringent. If RAN1 finds that 20 bits are not sufficient, it is recommended that RAN1 suggests a different number and sends a LS to RAN2. 
[bookmark: _Toc506468836][bookmark: _Toc506469469][bookmark: _Toc506550767][bookmark: _Toc506550976]The 20-bit RAR grant in NR has contents from MSB to LSB as
· [bookmark: _Toc506468837][bookmark: _Toc506469470][bookmark: _Toc506550768][bookmark: _Toc506550977]Hopping flag – 1 bit
· Fixed size time domain assignment – [2-4] bits
· Indicate an entry in a truncated time domain assignment table of 4 rows that is fixed in the spec or configured by RMSI and optionally reconfigured by RRC
· Fixed size resource block assignment – [7-9] bits
· Indicating the start RB position and length. The start RB position and length should support x-RB granularity, where x depends on BWP size, slot vs. non-slot transmission
· If frequency hopping is not enabled, all the bits can be used to indicate the start RB position and length.
· If frequency hopping is enabled, some MSB bits are used for frequency hopping indication and the remaining LSB bits are used to indicate the start RB position and length.
· TPC command for scheduled PUSCH – 3 bits
· Indicate a value in the range from -6 dB to 8 dB with a 2 dB step size
· Truncated modulation and coding scheme – 4 bits
· Indicate an entry of the first 16 rows of a MCS table with up to 64 QAM that depends on the configured OFDM or DFT-S-OFDM for the uplink transmission
· CSI request – 1 bit
· RAN1 discusses the necessity of this field
[bookmark: _Toc506550769][bookmark: _Toc506550978]RAN1 discusses if 20 bits for RAR grant are sufficient, and if not suggests a suitable number and inform RAN2
PDCCH ordered random access
In the LS [2] sent by RAN2 to RAN1, it says that
RAN2 NR protocol design relies on that random access procedure can be initiated by the network with a “PDCCH order”; e.g., for synchronising the UL prior to DL data transmission to allow transmission of, e.g., HARQ feedback when UL time alignment may have been lost.”
RAN2 appreciates that physical layer procedure aspects for PDCCH order have been specified in TS 38.213, but corresponding DCI (see DCI format 1A in LTE) and associated timing appears to be work still in progress in RAN1. RAN2 would like to inform RAN1 that RAN2 assumes that PDCCH order to initiate random access will be available for the first NR drop.
Furthermore, RAN2 assumes that the PDCCH order should contain the following fields:
· Random Access Preamble index – Indicating which Random access preamble to use in case of contention-free random access procedure, or the value 000000 in case of contention-based random access procedure
· BWP index – Indicating which BWP to transmit the Random access preamble on
· SUL indicator – Indicating whether to transmit the Random access preamble on SUL or normal uplink carrier

RAN2 requests RAN1 to verify and timely complete possible remaining aspects of PDCCH order for initiation of random access, taking the above assumptions into account.
In this section, we present our views on PDCCH ordered random access for NR.
· DCI format
· It is natural to use a DCI format that has the same size as the compact DCIs (i.e., format 0_0 and 1_0) for PDCCH ordered random access to reduce UE blind decoding complexity while keeping the signaling overhead low. Since DCI size is what really matters, we can either use format 0_0 or 1_0 by redefining/reinterpreting the existing fields or define a new format of the same size as formats 0_0 and 1_0.
· DCI content
· Random Access Preamble index – 6 bits
· Per RAN2 LS, this field is used to indicate which random access preamble to use
· RO index or SSB index or a combination of both – x bits
· By ordering the UE to transmit random access preamble in RACH occasion associated with a SSB index, gNB can receive the preamble in the indicated RACH occasion directly without the need of blindly receiving the preamble in all possible RACH occasion associated with different SSB indices. This reduces PRACH false alarm rate and increases PRACH detection rate.
· Contention free random access can be achieved by directly signaling the random access occasion (RO) index to indicate to the UE on which random access occasion the preamble should be transmitted.
· It is recommended that initial access session decides on the details on how to signal RO index or SSB index or a combination of both
· BWP index – may not be necessary, or 0, 1 or 2 bits depending on the configuration
· This field may not be necessary. In TS 38.321, there are rules for performing random access: if PRACH resources are configured for the active UL BWP, UE performs the random access procedure on the active DL BWP and UL BWP. Otherwise, UE switches to initial DL BWP and UL BWP and performs the random access procedure on the initial DL BWP and UL BWP.
· If including BWP index is found to be useful, it may use 0, 1 or 2 bits depending on the configuration
· SUL indicator – 0 or 1 bit depending on configuration
· If SUL is not configured, we do not need this field. Otherwise, 1 bit is used to indicate normal UL or SUL for the random access
· All the other fields are fixed to be either 0 or 1 in a way such that DCI ordering random access can be distinguished from formats 0_0 and 1_0 used for other purposes
[bookmark: _Toc506049047][bookmark: _Toc506468838][bookmark: _Toc506469471][bookmark: _Toc506550770][bookmark: _Toc506550979]For PDCCH ordered random access, reinterpret some of the existing fields in format 1_0 or 0_0 and set the other fields as follows
· [bookmark: _Toc506468839][bookmark: _Toc506469472][bookmark: _Toc506550771][bookmark: _Toc506550980]Random access preamble index – 6 bits
· [bookmark: _Toc506468840][bookmark: _Toc506469473][bookmark: _Toc506550772][bookmark: _Toc506550981]RO index or SSB index or a combination of both – x bits
· [bookmark: _Toc506468841][bookmark: _Toc506469474][bookmark: _Toc506550773][bookmark: _Toc506550982]It is recommended that initial access session decides on the details
· [bookmark: _Toc506468842][bookmark: _Toc506469475][bookmark: _Toc506550774][bookmark: _Toc506550983]BWP index – may not be necessary, or if found useful, 0, 1 or 2 bits depending on the configuration
· [bookmark: _Toc506468843][bookmark: _Toc506469476][bookmark: _Toc506550775][bookmark: _Toc506550984]SUL indicator – 0 or 1 bit depending on configuration
· [bookmark: _Toc506468844][bookmark: _Toc506469477][bookmark: _Toc506550776][bookmark: _Toc506550985]All the other fields are fixed to be either 0 or 1 in a way such that DCI ordering random access can be distinguished from format 1_0 or 0_0 used for other purposes
[bookmark: _Ref506552381]CORESETs, DCI sizes, and BWPs
The following “wish list” is an attempt to summarize the views expressed in Vancouver and agreements made, some of which can be (partially) conflicting:
· The UE is capable of monitoring at most 4 DCI sizes (per slot), 3 with the C-RNTI and 1 with another less time-critical RNTI
· It should be possible to address multiple UEs with a single DCI (e.g. for system info, paging, etc) under the condition that they have the same CORESET/search space configuration
· The DCI size depends on the size of the BWP (agreed in the ad hoc)
· The fallback DCI should be possible to use also in a UE-specific search space
· The size of formats 0-0 and 1-0 are aligned
· The size of formats 0-1 and 1-1 may be different
To find an overall solution it is suggested to focus on the relevant scenario. For example, in case of bandwidth adaptation it is reasonable if the “narrow” BWP is completely inside the “wide” BWP. Although other configurations are possible, the design should not optimize for these scenarios.
One possible solution could be to treat the different DCI formats differently.
· DCI format 0-0 and 1-0 are decoded and interpreted assuming the default BWP (both for CSS and USS)
· One DCI size used as 0-0/1-0 are size aligned
· The resource assignment relates to the RBs numbered across the default BWP, i.e. regardless of the active BWP only RBs in the default BWP are schedulable. 
· For the CSS, all UEs with the same default BWP configured will have the same RB numbering and can receive the same PDSCH transmission regardless of whether the UEs have the “narrow” or “wide” BWP as the active one.
· For the USS, unicast data can be scheduled but only across the narrower BWP.
· This assumes that the default BWP is always receivable regardless of whether a UE uses the default or “wide” BWP as the active BWP. In other words, the narrow/default BWP is within the wide BWP.
· DCI format 0-1 and 1-1 are decoded and interpreted assuming the active BWP (for USS)
· Two DCI sizes can be used as 0-1 and 1-1 are not necessarily size aligned
· The resource assignment relates to the RBs numbered across the active BWP, i.e. the full set of RBs in the active BWP whether it is the “narrow” BWP or the “wide” BWP. 
This is illustrated in Figure 1.
If it is desirable to schedule multiple UEs using a single DCI, e.g. for paging, this is possible as long as the narrow/default BWP is configured in the same way for all these UEs. Irrespective of whether a UE has the default or wide BWP as the active one, it will be able to decode and interpret DCI formats 0-0/1-0 in the same way.
 [image: ]
[bookmark: _Ref506299421]Figure 1: Bandwidth parts and DCI interpretation.
[bookmark: _Toc506550986]For DCI reception and interpretation: DCI formats are decoded and interpreted differently
· [bookmark: _Toc506550987]DCI format 0-0 and 1-0 are decoded and interpreted assuming the default BWP (both for CSS and USS)
· [bookmark: _Toc506550988]DCI format 0-1 and 1-1 are decoded and interpreted assuming the active BWP (for USS)
BWP indicator
The previous section discussed the DCI handling one a certain BWP is active. DCI formats 0-1 and 1-1 includes a BWP index field which is used to indicate the BWP to use. At the NR ad hoc in January, the interpretation of this field was discussed, resulting in 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

However, this approach has some potential problems as the DCI content (and the DCI size) is defined assuming the BWP in which the DCI is received. If the DCI is relevant for another BWP (i.e. the BWP index pointing to a different BWP than the currently active one) the current agreement implies that the DCI is ‘transformed’ through truncation/padding to match the new BWP. However, this ‘transformed’ DCI may not make sense depending on how the DCI fields are configured. Note that it is not only the resource allocation field that may differ, various multi-antenna related fields may also be different.
In general, it is not good to link different features tightly to each other as experience suggests that unforeseen problems are likely to appear.
Possibilities on how to treat the working assumption include:
1. Confirm the working assumption
· The usefulness of the DCI content when applied to the new BWP can be questioned.
· The possibility of ‘null scheduling’, i.e. a grant/assignment not scheduling any data necessary in this case in case the truncated/padded DCI may result in garbage DCI information.
2. Define ‘more advanced’ transformations of the DCI
· This can be a lengthy exercise given the wide range of configurations possible. Note that the ‘transformation’ applies not only to the resource allocation fields but also to the other fields such as multi-antenna related information.
3. Interpretation of the DCI is done according to the current BWP and the BWP indicator activates the new BWP (see Figure 2).
· This allows to ‘open up’ a larger BWP but in the first occurrence only data in the region were the old and new BWP overlaps is possible to schedule. In later slots the DCI can schedule the full BWP
4. Remove the BWP index from the DCI and define a separate ‘BWP switch command’ using one of the existing DCI sizes
· Avoids ambiguities in the DCI interpretation.
· Possible error cases if the UE misses the switch as this may result int eh gNB and UE having different views on the active BWP. Some form of acknowledgement mechanism is likely needed.
Note that the options above are only relevant for formats 0-1 and 1-1 as there is not BWP indicator in 0-0 and 1-0. 
Of the options listed above, option 3 seems to be the simplest approach (it is also in line with the discussion in Section 2.3) followed by option 4.
[image: ]
[bookmark: _Ref506299647]Figure 2: Illustration of option 3.

[bookmark: _Toc506550989]For BWP switching: DCI formats 0-1/1-1 are interpreted according to the currently active BWP. The BWP indicator activates the new BWP at the time instant included in the scheduling information.
Conclusions
In this contribution, we discuss the remaining DCI issues needed to stabilize the basic and essential NR functionalities within the scope of the drop approved during RAN#78.
Based on the discussion in this contribution, we propose the following:
Proposal 1	The 20-bit RAR grant in NR has contents from MSB to LSB as
     Hopping flag – 1 bit
· Fixed size time domain assignment – [2-4] bits
· Indicate an entry in a truncated time domain assignment table of 4 rows that is fixed in the spec or configured by RMSI and optionally reconfigured by RRC
· Fixed size resource block assignment – [7-9] bits
· Indicating the start RB position and length. The start RB position and length should support x-RB granularity, where x depends on BWP size, slot vs. non-slot transmission
· If frequency hopping is not enabled, all the bits can be used to indicate the start RB position and length.
· If frequency hopping is enabled, some MSB bits are used for frequency hopping indication and the remaining LSB bits are used to indicate the start RB position and length.
· TPC command for scheduled PUSCH – 3 bits
· Indicate a value in the range from -6 dB to 8 dB with a 2 dB step size
· Truncated modulation and coding scheme – 4 bits
· Indicate an entry of the first 16 rows of a MCS table with up to 64 QAM that depends on the configured OFDM or DFT-S-OFDM for the uplink transmission
· CSI request – 1 bit
· RAN1 discusses the necessity of this field

Proposal 2	RAN1 discusses if 20 bits for RAR grant are sufficient, and if not suggests a suitable number and inform RAN2
Proposal 3	For PDCCH ordered random access, reinterpret some of the existing fields in format 1_0 or 0_0 and set the other fields as follows
	Random access preamble index – 6 bits
	RO index or SSB index or a combination of both – x bits
o		It is recommended that initial access session decides on the details
	BWP index – may not be necessary, or if found useful, 0, 1 or 2 bits depending on the configuration
	SUL indicator – 0 or 1 bit depending on configuration
	All the other fields are fixed to be either 0 or 1 in a way such that DCI ordering random access can be distinguished from format 1_0 or 0_0 used for other purposes
Proposal 4	For DCI reception and interpretation: DCI formats are decoded and interpreted differently
	DCI format 0-0 and 1-0 are decoded and interpreted assuming the default BWP (both for CSS and USS)
	DCI format 0-1 and 1-1 are decoded and interpreted assuming the active BWP (for USS)
Proposal 5	For BWP switching: • DCI formats 0-1/1-1 are interpreted according to the currently active BWP. The BWP indicator activates the new BWP at the time instant included in the scheduling information.
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