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1. Introduction
At RAN1 #100, SPS reception with overlapping SPS configurations was discussed. 

In this contribution we provide our views on SPS reception and codebook construction. 
2. Discussion on SPS reception and codebook construction
In Rel-16, developed under URLLC/IIoT, essentially 3 HARQ codebooks are supported:
· HARQ codebook for SPS reception only (referred as SPS only codebook in the following);
· Type 1 HARQ codebook;
· Type 2 HARQ codebook.

In the current version of TS 38.213, Type 2 HARQ codebook includes the SPS only codebook by reference, hence we can focus on SPS reception and SPS only codebook. 

Irrespective of which codebook among SPS only codebook, Type 1 codebook or Type 2 codebook, is used, it is beneficial to specify a common procedure in determining what SPS PDSCHs are received by a UE. From that, we first discuss SPS reception.
Discussion on SPS reception 
For SPS reception, a number of factors should be considered:
· UE PDSCH processing capability
· A UE may be capable of receiving up to 1, 2, 4 or 7 unicast PDSCHs in a slot, including both dynamic grant (DG) PDSCH(s) and SPS PDSCH(s);
· Overlapping or multiple SPS configurations in a slot;
· Interaction with DL/UL directions;
· Collision with symbols indicated as “UL” by tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated leads a PUSCH to be dropped.
· Priority of SPS configuration
· Low priority vs high priority
· SPSconfig-index of SPS Configuration
· Overlapping with DG PDSCHs

When a UE may miss a DL DCI scheduling a DG PDSCH, following any procedure in determining SPS reception, there may mismatch between the UE and the network in the SPS PDSCHs selected reception. How to avoid error propagation should be considered no only in SPS only codebook construction, but also in overlapping resolution between SPS PDSCHs and DG PDSCHs. 

Depending on whether the physical priority for HARQ feedback is treated as priority for PDSCH itself, we can have the following procedures.


Discussion on SPS reception when DG PDSCH is not present.


We first consider the case where there is no DG PDSCH in a slot in this subsection. In two procedures below, SPS priority is differentiated.

Procedure H (for high priority):
· Let N be the maximum number of unicast PDSCHs a UE is capable of receiving in a slot (i.e. N is derived from UE’s capability of receiving unicast PDSCHs in a slot);
· Within a slot, applying the following rule  for high priority SPS configurations  which are activated and have corresponding PDSCH transmissions in the slot:
· Let  be the list of sorted SPSconfig-indexes for high priority SPS configurations in the slot;
· First remove all the SPSconfig-indexes from   if their corresponding PDSCHs collide with any UL OFDM symbol indicated by tdd-UL-DL-ConfigurationCommon and/or tdd-UL-DL-ConfigurationDedicated;
· Initialize the following:
· Let S the set of occupied OFDM symbols in the slot be {Null}, 
· let C the counter of chosen PDSCHs in the slot be 0;
· Let the counter of chosen high priority SPS PDSCHs in the slot be 0;
· Let  the selected SPSconfig-indexes with a corresponding PDSCH reception in the slot be {Null};
· Test SPSconfig-index in   starting with the lowest SPSconfig-index in Let   until   is exhausted and/or C==N:
· If the intersection of S and {OFDM symbols occupied by the PDSCH corresponding to the current SPSconfig-index} is null, 
· the SPS PDSCH is chosen for reception,  {the current SPSconfig-index in }
·   {OFDM symbols occupied by the corresponding PDSCH}; and C=C+1; 
· End 
· Let 
· At the end of procedure, we have ,  and for high priority SPS configurations;

Procedure L:
· Within a slot, applying the following rule for low priority SPS configurations which are activated and have corresponding PDSCH transmissions in the slot:
· Let   be the list of sorted SPSconfig-indexes for low priority SPS configurations in the slot;
· First remove all the SPSconfig-indexes from  if their corresponding PDSCHs collide with any UL OFDM symbol indicated by tdd-UL-DL-ConfigurationCommon and/or tdd-UL-DL-ConfigurationDedicated;
· Initialize the following:
· Let   the set of occupied OFDM symbols in the slot, 
· Let  the counter of chosen low priority SPS PDSCHs in the slot be 0;
· Let  the selected SPSconfig-index with a corresponding PDSCH reception in the slot be {Null};
· Test SPSconfig-index in   starting with the lowest SPSconfig-index in    until   is exhausted and/or C==N:
· If the intersection of S and {OFDM symbols occupied by the PDSCH corresponding to the current SPSconfig-index} is null, 
· the SPS PDSCH is chosen for reception,  {the current SPSconfig-index in }
·  {OFDM symbols occupied by the corresponding PDSCH}; and C=C+1; 
· End
· At the end of procedure, we have ,  and  for low priority SPS configurations;


Similar to [1], we consider the following procedure without explicitly differentiating SPS configurations’ priorities:
–This procedure would produce the same outcome as executing Procedure H and Procedure L considering different priorities if the gNB ensures that for two SPS configurations, say A and B, if A’s SPSconfig-index is smaller than B’s SPSconfig-index, then A’s priority is not lower than B’s priority; such a restriction on RRC configuration may have some benefit as can be seen here.

Procedure HL:
· Within a slot, applying the following rule for low priority and high priority SPS configurations (or all SPS configurations if SPS priority is not configured) which are activated and have corresponding PDSCH transmissions in the slot:
· Let  be the list of sorted SPSconfig-indexes for SPS reception(s) in the slot;
· First remove all the SPSconfig-indexes from  if their corresponding PDSCHs collide with any UL OFDM symbol indicated by tdd-UL-DL-ConfigurationCommon and/or tdd-UL-DL-ConfigurationDedicated;
· Initialize the following:
· Let   the set of occupied OFDM symbols in the slot, 
· Let  the counter of chosen SPS PDSCHs in the slot be 0;
· Let  the selected SPSconfig-indexes with a corresponding PDSCH reception in the slot be {Null};
· Test SPSconfig-index in  starting with the lowest SPSconfig-index in  until  is exhausted and/or C==N:
· If the intersection of S and {OFDM symbols occupied by the PDSCH corresponding to the current SPSconfig-index} is null, 
· the SPS PDSCH is chosen for reception, {the current SPSconfig-index in  }
·  {OFDM symbols occupied by the corresponding PDSCH}; and C=C+1;  
· End
· At the end of procedure, we have ,  and  for SPS configurations;
· After we have obtained ,  and , if SPS configurations are configured with priority, dividing them according to priority of SPS configuration, and we then have:
	{,  and } and { ,  and  } for high priority and low priority SPS configurations respectively.
	
With Procedure H/Procedure or Procedure HL, {,  and } and { ,  and  } can be obtained.
Discussion on SPS reception when DG PDSCH is present.


We propose the following procedure to resolve the overlapping between SPS and DG. Depending on whether SPS priority is considered or not, the procedure can be applied to ,  or .

Procedure SPS+DG

· Step 1: first resolve the collisions among SPS PDSCHs, i.e., determine the set of SPS PDSCHs  which are kept for potential reception following the solution provided in Procedure HL.  /  can be generated according to SPS priority;
· Step 2:
· For each DG PDSCH, the DG PDSCH is received by the UE, and
· if it overlaps with one or more SPS PDSCHs in  (or  or ), the overlapping SPS PDSCH(s) are removed from  (or  or ), i.e. they are not received by the UE.
· Else if the total number of received PDSCHs including this DG PDSCH > N, the SPS configuration with the highest configuration index in  (or  or ) is removed from the set, and is not received by the UE.


Discussion on SPS only HARQ codebook 

If a UE misses a DG grant in a slot, the cardinality of    and/or , or the selected SPS could be wrong though cardinality of    and/or   may still be correct; in this case we want to limit the error locally so any missed DCI scheduling DG PDSCH should at most affect the HARQ feedback for that particular CC and slot, and it does not have cascaded effect to other CCs and/or slots. 
To avoid error propagation, the key is to have a fix feedback size for a given slot at a given CC; there are several options:
· Option 1: The feedback size for a given slot/CC is determined by the number of SPS configurations which may or may not be activated;
· Option 2: The feedback size for a given slot/CC is determined by the number of SPS configurations which are active in the slot;
· Option 3: For a slot on a CC with one or more SPS configurations, the feedback size is determined by the number of bits from SLIV table decomposition from Rel-15 Type 1 codebook.
· In the pseudo code of Type 1 codebook in the Rel-15 specification, to determine the number of feedback bits, a pseudo-code is executed to divide the SLIV table into multiple parts as shown in Figure 7 below.

We propose the following procedure to map from   to the feedback bits from SLIV table decomposition (the design for low priority SPS can be similarly derived).  

for a SPSconfig-index in , We can derive an SLIV for the corresponding PDSCH; and that the HARQ feedback bit’s position is determined by the position of the SLIV parts in the SLIV table decomposition. Then HARQ feedback bit with no SPS PDSCH mapped into it is removed. In the example provided in Figure 7, there are 3 parts from SLIV table decomposition, however 
two bits instead of 3 bits can be used: [HARQ-ACK for SP-configIndex-1, HARQ-ACK for SP-configIndex-2]. In some cases, there can be SPS PDSCHs with multiple SPSconfig-indexes into the same position; as it is guaranteed there will not be overlapping unicast PDSCH reception, at most one valid HARQ feedback bit is generated. In another word, when SPS PDSCHs with one or more SPS configurations  fall into a SLIV part, then one bit is budget for feedback, there is no SPS configuration present on a slot on a CC, no feedback bits are budgeted. 
· Option 4: The feedback size for SPS is determined by the number of SPS configurations after Step 1 of Procedure SPS+DG, which is not affected by whether DG grant is missed or not.

We provide a number of examples below.

In the first example with Option 2, assume priority is NOT differentiated in the SPS only codebook, 
the feedback size for a given slot/CC is determined by the number of SPS configurations which are active in the slot, 
Then HARQ ACK bits for SPS from  are mapped to their respective location; unmapped locations are populated with NACK. It can be seen the same solution can be considered for 
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Figure 4 First example with Option 2

In the second example, Option 2 is applied to high priority SPS only codebook:
· The feedback size for a given slot/CC is determined by the number of high priority SPS configurations which are active in the slot, 
· Then HARQ ACK bits for SPS from  are mapped to their respective location; unmapped locations are populated with NACK

[image: ]
Figure 5 Second example with Option 2
In the third example, Option 2 is applied to low priority SPS only codebook:
· The feedback size for a given slot/CC is determined by the number of low priority SPS configurations which are active in the slot, 
· Then HARQ ACK bits for SPS from  are mapped to their respective location; unmapped locations are populated with NACK
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Figure 6 Third example with Option 2


In Figure 7, each colored region consists of multiple rectangles, each of them is for a potential PDSCH allocation with SLIV encoding.
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Figure 7 Example with Option 3
Option 3 or Option 4 both provide a robust solution to for SPS con
In summary, we have

Proposal 1: Resolve SPS PDSCH collision first, then resolve overlapping between SPS PDSCHs and DG PDSCHs; 

Proposal 2: At a given slot and a given CC, the number of HARQ feedback bits is determined from decomposing the SLIV table and removing HARQ bit position(s) not associated with any SPSconfig-index at that slot and that CC.
Conclusions
In this contribution we share our views on SPS reception and SPS only codebook construction. We have

Proposal 1: Resolve SPS PDSCH collision first, then resolve overlapping between SPS PDSCHs and DG PDSCHs; 

Proposal 2: At a given slot and a given CC, the number of HARQ feedback bits is determined from decomposing the SLIV table and removing HARQ bit position(s) not associated with any SPSconfig-index at that slot and that CC.
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