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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Hlk49520809][bookmark: _Ref129681832]The work item on supporting NR from 52.6 GHz to 71 GHz was update and approved in RAN#90-e meeting [1]; objectives of WI are listed in the following.
	· Physical layer aspects including [RAN1]:
· [bookmark: _Hlk58583563][bookmark: _Hlk26996217]In addition to 120 KHz SCS, specify new SCS, 480 KHz and 960 KHz, and define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals, only NCP supported. 
[bookmark: _Hlk58594267]Note: Except for timing line related aspects, a common design framework shall be adopted for 480 KHz to 960 KHz
· Time line related aspects adapted to 480 KHz and 960 KHz, e.g., BWP and beam switching timing, HARQ timing, UE processing, preparation and computation timelines for PDSCH, PUSCH/SRS and CSI, respectively. 
· Support of up to 64 SSB beams for licensed and unlicensed operation in this frequency range. 
· Supports 120 KHz SCS for SSB and 120 KHz SCS for initial access related signals/channels in an initial BWP.
· Study and specify, if needed, additional SCS (240 KHz, 480 KHz, 960 KHz) for SSB, and additional SCS (480 KHz, 960 KHz) for initial access related signals/channels in initial BWP.
· Study and specify, if needed, additional SCS (480 KHz, 960 KHz) for SSB for cases other than initial access.
· Note: coverage enhancement for SSB is not pursued.
· Specify timing associated with beam-based operation to new SCS (i.e., 480 KHz and/or 960 KHz), study, and specify if needed, potential enhancement for shared spectrum operation
· Study which beam management will be used as a basis: R15/16 or R17 in RAN #91-e
· Support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation.
· Support enhancements for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI
       Note: coverage enhancement for multi-PDSCH/PUSCH scheduling is not pursued
· [bookmark: _Hlk58595024]Support enhancement to PDCCH monitoring, including blind detection/CCE budget, and multi-slot span monitoring, potential limitation to UE PDCCH configuration and capability related to PDCCH monitoring.
· [bookmark: _Hlk58594915]Specify support for PRACH sequence lengths (i.e. L=139, L=571 and L=1151) and study, if needed, specify support for RO configuration for non-consecutive RACH occasions (RO) in time domain for operation in shared spectrum 
· Evaluate, and if needed, specify the PTRS enhancement for 120 KHz SCS, 480 KHz SCS and/or 960 KHz SCS, as well as DMRS enhancement for 480 KHz SCS and/or 960 KHz SCS.


[bookmark: OLE_LINK36][bookmark: OLE_LINK37]In this document, issues on SPS for one DCI scheduling multiple PDSCHs cases for up to 71GHz operation are discussed, including SPS activation, handling the HARQ Process IDs collision between PDSCHs and SPS PDSCHs etc.

2. Discussion
1 
2 
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]SPS PDSCH activation
Activation one SPS configuration by one DCI for multiple PDSCH scheduling-- ASN1START
-- TAG-SPS-CONFIG-START

SPS-Config ::=                  SEQUENCE {
    periodicity                     ENUMERATED {ms10, ms20, ms32, ms40, ms64, ms80, ms128, ms160, ms320, ms640,
                                                        spare6, spare5, spare4, spare3, spare2, spare1},
    nrofHARQ-Processes              INTEGER (1..8),
    n1PUCCH-AN                      PUCCH-ResourceId                                                                OPTIONAL,   -- Need M
    mcs-Table                       ENUMERATED {qam64LowSE}                                                         OPTIONAL,   -- Need S
    ...,
    [[
    sps-ConfigIndex-r16             SPS-ConfigIndex-r16                                                             OPTIONAL,   -- Cond SPS-List
    harq-ProcID-Offset-r16          INTEGER (0..15)                                                                 OPTIONAL,   -- Need R
    periodicityExt-r16              INTEGER (1..5120)                                                               OPTIONAL,   -- Need R
    harq-CodebookID-r16             INTEGER (1..2)                                                                  OPTIONAL,   -- Need R
    pdsch-AggregationFactor-r16     ENUMERATED {n1, n2, n4, n8 }                                                    OPTIONAL    -- Need S
    ]]
}

-- TAG-SPS-CONFIG-STOP
-- ASN1STOP

In R16, gNB configures SPS parameters by RRC which is described in 6.3.2 of [2]:

Rel-16 supports multiple SPS configurations, but only one SPS can be activated by a DCI including DCI format 1_0 and format 1_1. 
In Rel-17, one DCI schedules multiple PDSCHs is supported. When one DCI schedules multiple PDSCHs, gNB configures TDRA parameters by RRC. Take Table-1 as an example, TDRA is configured for multiple scheduled PDSCHs, and the maximum number of PDSCHs can be scheduled is 6. The maximum value of the gap between the first scheduled PDSCH and the last scheduled PDSCH is 6.
[bookmark: OLE_LINK40][bookmark: OLE_LINK41]Table 1: An example TDRA configured by RRC
	Row index
	PDSCH-1
	PDSCH-2
	PDSCH-3
	PDSCH-4
	PDSCH-5
	PDSCH-6

	0
	S=2;L=12
K0=0
	S=2;L=12
K0=1
	S=2;L=12
K0=2
	S=2;L=12
K0=3
	S=2;L=12
K0=4
	S=2;L=12
K0=5

	1
	S=2;L=12
K0=0
	S=2;L=12
K0=1
	S=2;L=12
K0=3
	S=2;L=12
K0=5
	S=2;L=12
K0=6
	S=2;L=12
K0=7

	2
	S=2;L=6
K0=0
	S=8;L=6
K0=1
	S=2;L=12
K0=2
	S=2;L=12
K0=3
	S=2;L=12
K0=4
	S=2;L=12
K0=5


If a SPS PDSCH is activate by multiple PDSCHs scheduling, one time domain resource assignment including SLIV and K0 is needed to be selected.
To activate a SPS PDSCH configuration by multiple PDSCHs scheduling, one TDRA (Time Domain Resource Assignments) including SLIV and K0 is needed to be selected.
When gNB informs the row index of TDRA configurations, more than one TDRA may be associated with the row index, but the number of activation SPS PDSCH is only one. There are two issues needed to be discussed:
· How to select one TDRA configuration
· How to count the parameter K1
[bookmark: _GoBack]The possible solution is choosing the first valid TDRA configuration in the row which is informed by gNB. That means the first valid PDSCH scheduled is used for the SPS PDSCH. And the K1 is also counted from the first PDSCH slot. 
When one SPS configuration is activated by a DCI which schedules multiple PDSCHs:
· The first valid PDSCH scheduled is used for the SPS PDSCH
· K1 is counted from the first PDSCH slot
Similar solution can also be used for SPS release.
When one SPS configuration is released by a DCI which schedules multiple PDSCHs:
· The first valid PDSCH scheduled is used for the SPS PDSCH
· K1 is counted from the first PDSCH slot

[bookmark: OLE_LINK44][bookmark: OLE_LINK45]Activation more than one SPS configuration by one DCI for multiple PDSCH scheduling
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In the URLLC enhancement of Rel-16, it was discussed that one DCI activated multiple SPS, but the proposal was not agreed by RAN1 due to DCI header overhead issues. Since Rel-17 supports scheduling multiple PDSCH with one DCI, the original problem is moot and activation more than one SPS configuration by a DCI which schedules multiple PDSCH will be beneficial in term of scheduling overhead. A brief example is described as below:
The gNB configures SPS list parameters by RRC as below:SPS-ConfigActivationStateList-r16 ::= SEQUENCE (SIZE (1..maxNrofSPS-ActivationState)) OF SPS-ConfigActivationState-r16

SPS-ConfigAactivationState-r16 ::=     SEQUENCE (SIZE (1..maxNrofSPS-Config-r16)) OF SPS-ConfigIndex-r16

During the SPS PDSCH activation, the SPS list ID is informed by the field of HARQ process ID in DCI. Then all of the SPS configurations in the list are activated and the TDRA configurations are associated with the SPS PDSCHs correspondingly.
More than one SPS configurations can be defined in a list by RRC. And more than one SPS configurations in one list can be activated or released by a DCI that schedules multiple PDSCHs.

[bookmark: OLE_LINK38][bookmark: OLE_LINK39]The HPNs collision between PDSCHs and SPS PDSCHs
For multiple PDSCHs scheduled by a single DCI, the HARQ Process IDs for different PDSCHs are also consecutive for scheduling in consecutive slots. The HPN of first PDSCH is indicated by the DCI, and the HARQ process ID is then incremented by 1 for each subsequent PDSCH. However, consecutive HARQ Process IDs make gNB scheduling inflexible.
For example, when the SPS is configured by gNB, one or more HARQ process IDs are assigned to SPS PDSCH by SPS configuration message as discussed above. The initial transmission of PDSCH is triggered by activation DCI scrambled by CS-RNTI or by SPS PDSCH without PDCCH, and re-transmission is triggered by DCI scrambled by CS-RNTI. The HARQ process IDs for SPS are not expected to be impacted by dynamic multiple PDSCHs scheduling, especially when there are enough HARQ process IDs for dynamic scheduling. If HARQ Process IDs are always consecutive for dynamic scheduling, PDSCHs scheduling flexibility will be impacted. An example is show in the following figure.


Figure 4: The HPNs for SPS PDSCH with multiple PDSCHs scheduling 
As shown in figure 4, HPN=7/8 are assigned to SPS PDSCH by RRC configuration. If the gNB would schedule four PDSCHs on HARQ process ID=5/6/9/10, gNB cannot use one DCI to schedule those PDSCHs. The gNB has to use two DCIs: one DCI indicates HARQ process ID=5/6 and the corresponding two PDSCHs, while the other DCI indicates HARQ process ID=9/10 and the corresponding two PDSCHs.
For some special HARQ process ID（e.g. ID assigned to SPS PDSCH by RRC）, UE shall skip occupied HARQ process ID of SPS when the dynamic scheduling overlaps with these process ID.

3. Conclusions
This contribution discussed some issues on SPS for one DCI scheduling multiple PDSCHs case for the support of NR operation up to 71 GHz. We have the following observations and proposals,

· Observation 1: To activate a SPS PDSCH configuration by multiple PDSCHs scheduling, one TDRA (Time Domain Resource Assignments) including SLIV and K0 is needed to be selected.
· Proposal 1: When one SPS configuration is activated by a DCI which schedules multiple PDSCHs:
· The first valid PDSCH scheduled is used for the SPS PDSCH
· K1 is counted from the first PDSCH slot
· Proposal 2: When one SPS configuration is released by a DCI which schedules multiple PDSCHs:
· The first valid PDSCH scheduled is used for the SPS PDSCH
· K1 is counted from the first PDSCH slot
· Proposal 3: More than one SPS configurations can be defined in a list by RRC. And more than one SPS configurations in one list can be activated or released by a DCI that schedules multiple PDSCHs.
· Proposal 4: For some special HARQ process ID（e.g. ID assigned to SPS PDSCH by RRC）, UE shall skip occupied HARQ process ID of SPS when the dynamic scheduling overlaps with these process ID.

4. [bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
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