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Introduction
Although Rel-15 NR specifications after RAN1#93 meeting were endorsed, there are still some remaining issues to be solved.  In this contribution, we discuss the remaining issues on slot configuration and rate matching.

Slot configuration
2.1 Introduction
During RAN1#92b, some agreements have been reached about how to resolve the collision between DCI scheduled DL/UL transmission and RRC configured transmission. However, the specification description may not align with the agreements. 
In this section, we discuss the inconsistency about RRC configured transmission between the specification description and agreements.  Then, we analyze that the detailed process for DCI scheduled DL reception and UL transmission cancelled by RRC configured UL transmission and DL reception, respectively.
2.2 Text proposal for slot configuration
During RAN1#92b [1], the following agreements have been reached.
	Agreements:
Regarding cancellation of RRC configured DL reception with a DCI granted UL transmission, or the cancellation of RRC configured UL transmission with a DCI granted DL reception, the cancellation is subject to a minimum time constraint, which follows N2 timeline

Agreements:
When an RRC configured UL transmission is cancelled by SFI or DCI, the UE is not expected to cancel the part of RRC configured UL transmission that is to be transmitted over the OFDM symbols within N2 OFDM symbols after the end of the OFDM symbol carrying the SFI or DCI from UE perspective.  



According to the agreements above, if the RRC configured UL transmission starts before N2, there is not enough time for UE to cancel the part of RRC configured UL transmission that is to be transmitted over the OFDM symbols within N2 OFDM symbols after the  OFDM symbol carrying the SFI or DCI from UE perspective. 
As we can see in Figure 1, UE realizes that the RRC configured UL transmission conflicts with the DCI scheduled PDSCH/CSI-RS after it receives the corresponding DCI. Due to the limit of UE’s capacity, UE doesn’t have enough time to cancel the RRC configured UL transmission before N2 (i.e., ). In this case, UE would transmit  and cancel the transmission of DCI scheduled PDSCH/CSI-RS before N2 which overlaps with , i.e., UE would transmit  and cancel the reception of . Another aspect, UE has enough time to cancel the RRC configured UL transmission after N2 (i.e., ). Thus, UE is able to receive the DCI scheduled PDSCH/CSI-RS after N2 (i.e., ) by cancelling the transmission of .

[image: ]
Figure 1. Cancelation of RRC configured UL transmission (RAN1#92b)
[bookmark: OLE_LINK1]However, the description in 38.213 [2] which is as follows is not aligned with the agreements.
	11.1 Slot configuration
<Omitted>
If a UE is not configured to monitor PDCCH for DCI format 2-0, for a set of symbols of a slot that are indicated as flexible by higher layer parameters tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationCommon2, or tdd-UL-DL-ConfigDedicated, when provided to a UE, or when tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationCommon2, and tdd-UL-DL-ConfigDedicated are not provided to the UE.
-	The UE receives PDSCH or CSI-RS in the set of symbols of the slot if the UE receives a corresponding indication by a DCI format 1_0, DCI format 1_1, or DCI format 0_1. 
-	The UE transmits PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot if the UE receives a corresponding indication by a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, or DCI format 2_3. 
-	If the UE is configured by higher layers to receive a PDCCH, or a PDSCH, or a CSI-RS in the set of symbols of the slot, the UE receives the PDCCH, the PDSCH, or the CSI-RS if 
-	the UE does not detect a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, or DCI format 2_3 that indicates to the UE to transmit a PUSCH, a PUCCH, a PRACH, or a SRS in the set of symbols of the slot, or
-	the UE detects a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, or DCI format 2_3 that indicates to the UE to transmit a PUSCH, a PUCCH, a PRACH, or a SRS in the set of symbols of the slot and a number of symbols between a last symbol of a control resource set where the UE detects the DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, or DCI format 2_3 and a first symbol in the set of symbols is smaller than the PUSCH preparation time N2 for the corresponding PUSCH timing capability [6, TS 38.214]. 
Otherwise, the UE does not receive the PDCCH, or the PDSCH, or the CSI-RS in the set of symbols of the slot. 
-	If the UE is configured by higher layers to transmit a periodic SRS, or a PUCCH, or a PUSCH, or a PRACH in the set of symbols in the slot, the UE transmits the periodic SRS, or the PUCCH, or the PUSCH, or the PRACH in the set of symbols of the slot if 
-	the UE does not detect a DCI format 1_0, DCI format 1_1, or DCI format 0_1 that indicates to the UE to receive PDSCH or CSI-RS in the set of symbols in the slot, or 
-	the UE detects a DCI format 1_0, DCI format 1_1, or DCI format 0_1 that indicates to the UE to receive PDSCH or CSI-RS in the set of symbols in the slot and a number of symbols between a last symbol of a control resource set where the UE detects the DCI format 1_0, or DCI format 1_1 and a first symbol in the set of symbols is smaller than the PUSCH preparation time N2 for the corresponding PUSCH timing capability. 
Otherwise, the UE does not transmit the periodic SRS, or the PUCCH, or the PUSCH, or the PRACH in the set of symbols of the slot.
<Omitted>



According to the above description, as we can see in Figure 2, if the RRC configured UL transmission starts before N2, UE shall finish this RRC configured UL transmission (i.e., ). In this case, UE has to cancel the reception of DCI scheduled PDSCH/CSI-RS which overlaps with . 
[image: ]
Figure 2. Cancelation of RRC configured UL transmission (38.213)
Although we only mention the inconsistency of RRC configured UL transmission between the specification and agreements above, the cancelation of RRC configured DL reception that starts before N2 has the same issue. 
Proposal 1: The description in 38.213 11.1 about cancelation of RRC configured transmission has to be updated to align with the agreements reached during 3GPP RAN1#92b.  
One possible text proposal is as follows.
-----------Text Proposal--------
38.213 Section 11.1
	11.1 Slot configuration
<Omitted>
-	If the UE is configured by higher layers to receive a PDCCH, or a PDSCH, or a CSI-RS in the set of symbols of the slot, the UE receives the PDCCH, the PDSCH, or the CSI-RS if 
-	the UE does not detect a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, or DCI format 2_3 that indicates to the UE to transmit a PUSCH, a PUCCH, a PRACH, or a SRS in the set of symbols of the slot, or
-	the UE detects a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, or DCI format 2_3 that indicates to the UE to transmit a PUSCH, a PUCCH, a PRACH, or a SRS in the set of symbols of the slot and a number of symbols between a last symbol of a control resource set where the UE detects the DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, or DCI format 2_3 and a first the last symbol in the set of symbols is smaller than the PUSCH preparation time N2 for the corresponding PUSCH timing capability [6, TS 38.214]. 
Otherwise, the UE does not only receive the PDCCH, or the PDSCH, or the CSI-RS in symbols of the set of symbols of the slot before the N2 symbols after the last symbol of a control resource set where the UE detects the DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, or DCI format 2_3.
-	If the UE is configured by higher layers to transmit a periodic SRS, or a PUCCH, or a PUSCH, or a PRACH in the set of symbols in the slot, the UE transmits the periodic SRS, or the PUCCH, or the PUSCH, or the PRACH in the set of symbols of the slot if 
-	the UE does not detect a DCI format 1_0, DCI format 1_1, or DCI format 0_1 that indicates to the UE to receive PDSCH or CSI-RS in the set of symbols in the slot, or 
-	the UE detects a DCI format 1_0, DCI format 1_1, or DCI format 0_1 that indicates to the UE to receive PDSCH or CSI-RS in the set of symbols in the slot and a number of symbols between a last symbol of a control resource set where the UE detects the DCI format 1_0, or DCI format 1_1, or DCI format 0_1 and a first the last symbol in the set of symbols is smaller than the PUSCH preparation time N2 for the corresponding PUSCH timing capability. 
Otherwise, the UE does not only transmit the periodic SRS, or the PUCCH, or the PUSCH, or the PRACH in symbols of the set of symbols of the slot before the N2 symbols after the last symbol of a control resource set where the UE detects the DCI format 1_0 or DCI format 1_1.
<Omitted>


-----------End of Text Proposal--------
[bookmark: OLE_LINK4]2.3 Cancelation of DCI scheduled DL/UL transmission
As mentioned in previous section, the RRC configured UL transmission and DL reception may be cancelled by DCI scheduled DL reception and UL transmission, respectively. If there is not enough time for UE to cancel the RRC configured DL reception or UL transmission before N2, a part of DCI scheduled UL transmission or DL reception may also be cancelled. 
2.3.1 RRC configured UL transmission
Regardless whether the above proposal is adopted or not, the detailed process for DCI scheduled DL needs further discussion. It will be considered together with the above issues about RRC configured UL transmission. The above UL transmission has to be transmitted due to N2. Then DL should not transmission during that UL transmission. gNB has two options to deal with this DL issue,  
Option 1. Cancel this whole DL transmission.
Option 2. Only cancel the conflicting part.
For UE side, those 2 Options turns into if UE should not decode/measure the whole DL transmission or just skip the conflicting part.
As we can see in Figure 3, (a) is based on the agreements reached during RAN1#92b and (b) is based on the current 38.213 specification. 
As for Option 1, UE stop this DCI scheduled PDSCH/CSI-RS reception at all when there is not enough time for it to cancel the RRC configured UL transmission. For Option 2, UE only skip conflicting part of reception of DCI scheduled PDSCH/CSI-RS. UE can still successfully receive the DCI scheduled PDSCH/CSI-RS in Option 2.
[image: ]
(a) Based on the agreements reached during RAN1#92b
[image: ]
(b) Based on the description in 38.213
Figure 3. Cancelation of DCI scheduled UL transmission
Proposal 2: When the RRC configured UL transmission which starts before N2 conflicts with DCI scheduled PDSCH/CSI-RS, the gNB can cancel the conflicting part of DCI scheduled PDSCH/CSI-RS transmission and transmit PDSCH/CSI-RS in the remaining part by rate matching.
2.3.2 RRC configured DL reception
Similarly, as we can see in Figure 4, (a) is based on the agreements reached during RAN1#92b. There is not enough time for UE to cancel the RRC configured DL reception before N2. However, UE has enough time to cancel the RRC DL reception after N2 and is able to transmit the DCI scheduled PUSCH/SRS.
Figure 4 (b) is based on the current 38.213 specification. If the RRC configured DL reception starts before N2, UE needn’t to cancel this reception. Thus, there are two options for UE to deal with the DCI scheduled PUSCH/SRS. Option 1, UE cancels the whole DCI scheduled PUSCH/SRS transmission directly. Option 2, UE only cancels the conflicting part of transmission between the RRC configured DL reception and DCI scheduled PUSCH/SRS. UE may still transmit its PUSCH/SRS in the remaining part by rate matching.
[image: ]
(a) Based on the agreements reached during RAN1#92b
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(b) Based on the description in 38.213
Figure 4. Cancelation of DCI scheduled PUSCH/SRS

Proposal 3: When the RRC configured DL reception which starts before N2 conflicts with DCI scheduled PUSCH/SRS, UE can cancel the conflicting part of DCI scheduled PUSCH/SRS transmission and transmit this PUSCH/SRS in the remaining part by rate matching.

Rate matching
In this section, we provide our further considerations on rate matching.
3.1 Use case for cell-level Resource Set
According to 38.214 [3], some key points about rate matching are as follows:
· As for PDSCH rate matching, only the PDSCH that doesn’t convey RAR, OSI, Paging, Msg4 or SIB1 is considered. In other words, only the unicast PDSCH is considered for PDSCH rate matching.
· The resource sets within the range of frequency domain can be divided into BWP-level and cell-level. Up to four resource sets can be configured per BWP or per cell, respectively.
· The BWP-level resource sets can be configured in PDSCH-Config. And the cell-level resource sets can be configured in ServingCellConfigCommon.
· Both of the BWP-level or the cell-level resource set can be dynamic or semi-static rate matching resource. Moreover, the BWP-level resource set can be a CORESET.
· When configuring one resource set, bitmap1 and bitmap2 are mandatory, bitmap3 is optional. 
· Considering broadcast PDSCH, 38.213 [2]  has given some limitations to avoid the possible collision:
· When receiving the PDSCH scheduled with SI-RNTI in PDCCH Type0 common search space, UE shall assume that no SS/PBCH block is transmitted in REs used by the UE for a reception of PDSCH.
· When receiving the PDSCH scheduled with SI-RNTI in PDCCH Type0a common search space, RA-RNTI, P-RNTI or TC-RNTI, UE shall assume that the PRBs containing SS/PBCH block are not available for PDSCH in the OFDM symbols where SS/PBCH block is transmitted.
According to the above summary, the PDSCH rate matching is only targeted for unicast PDSCH. For CONNECTED UEs, the use case of cell-level resource set and BWP-level resource set is the same. While for IDLE UEs, they can only get the cell-level resource set configuration through ServingCellConfigCommon. But the IDLE UEs are not able to receive any unicast PDSCH. Then, what’s the specific use case for cell-level resource set?
In our opinion, the cell-level resource set can be used to achieve the rate matching of broadcast PDSCH, such as Paging, RAR and Msg4. When IDLE UEs acquire the SI update triggered by Paging, the gNB should guarantee the Paging resource doesn’t overlap with the possible updated cell-level resource set.
For CONNECTED UEs, in addition to rate matching around unicast PDSCH, cell-level resource set can also be used to achieve rate matching around by Paging, RAR and Msg4. 
Proposal 4: For CONNECTED UEs, in addition to rate matching around unicast PDSCH, cell-level resource set can also be used to achieve rate matching around by Paging, RAR and Msg4.
3.2 Rate matching around CORESET
3.2.1 Clarification 1
[bookmark: OLE_LINK9]In 38.213 [2], the monitoring occasions configuration has a limitation if a CORESET is associated with one or more Search space sets. The description is as follows.

	10.1 UE procedure for determining physical downlink control channel assignment

<Omitted>

A UE does not expect any two PDCCH monitoring occasions, for a same search space set or for different search space sets, in a same control resource set to be separated by a non-zero number of symbols that is smaller than the control resource set duration.

<Omitted>



This limitation can prevent some cases that the two monitoring occasions are too close in one slot. Without this limitation, UE may have to deal with the newly coming monitoring occasion while it hasn’t finished the process of the previous monitoring occasion yet. Take Figure 5 for an example, (a) and (b) are not supported while (c) and (d) are supported according to the limitation above.
However, the term “separated by a non-zero number of symbols” is confusing. Take (c) for an example, whether the two monitoring occasions are separated by one symbol or two symbols? If the answer is “one”, (c) should not be supported; if answer is “two”, (c) is within the limitation.


Figure 5. Different case for two monitoring occasions in one slot
Thus, we suggest to update this description in 38.213 [2] to clarify the confusion. One possible description is as follows.
[bookmark: OLE_LINK14][bookmark: _GoBack]Proposal 5: 
-----------Text Proposal--------
38.213 Section 10.1
	10.1 UE procedure for determining physical downlink control channel assignment

<Omitted>

A UE does not expect any two PDCCH monitoring occasions, for a same search space set or for different search space sets, in a same control resource set to be overlapped by a non-zero number of symbols. separated by a non-zero number of symbols that is smaller than the control resource set duration.

<Omitted>


-----------End of Text Proposal--------

3.2.2 Clarification 2
[bookmark: OLE_LINK17][bookmark: OLE_LINK16]As we discussed in Section 3.1, A BWP-level resource set can be configured as a CORESET. According to the specification, UE should do rate matching around all search space sets associated with the CORESET if it does rate matching around a CORESET resource set. UE has to get the higher layer parameters monitoringSlotPeriodicityAndOffset and monitoringSymbolsWithinSlot of the search space sets and parameter duration of the CORESET to acquire the specific resource allocated for all search space sets associated with the this CORESET.
However, as we can see in 38.214 Chapter 5.1.4.1, the higher layer parameter duration of the CORESET is missing. Thus, we suppose to add the higher layer parameter duration of the CORESET to the 38.214 Chapter 5.1.4.1.
	5.1.4.1 PDSCH resource mapping with RB symbol granularity
<Omitted>
Within a BWP, a frequency domain resource of a CORESET with controlResourceSetId and time domain resource determined by the higher layer parameters monitoringSlotPeriodicityAndOffset and monitoringSymbolsWithinSlot of search-space-sets associated with the CORESET with a controlResourceSetId. This resource not available for PDSCH can be included in one or two groups of resource sets (higher layer parameters rateMatchPatternGroup1 and rateMatchPatternGroup2 ).
<Omitted>



One possible text proposal is as follows.
Proposal 6: 
-----------Text Proposal--------
38.214 Section 5.1.4.1
	5.1.4.1 PDSCH resource mapping with RB symbol granularity
<Omitted>
Within a BWP, a frequency domain resource of a CORESET with controlResourceSetId and time domain resource determined by the the higher layer parameter duration of the CORESET with a controlResourceSetId and higher layer parameters monitoringSlotPeriodicityAndOffset and monitoringSymbolsWithinSlot of search-space-sets associated with the CORESET with a controlResourceSetId. This resource not available for PDSCH can be included in one or two groups of resource sets (higher layer parameters rateMatchPatternGroup1 and rateMatchPatternGroup2 ).
<Omitted>


-----------End of Text Proposal--------

Conclusion
According to the analysis given above, we have the following proposals:
· Slot configuration
Proposal 1: The description in 38.213 11.1 about cancelation of RRC configured transmission has to be updated to align with the agreements reached during 3GPP RAN1#92b.  
-----------Text Proposal--------
38.213 Section 11.1
	11.1 Slot configuration
<Omitted>
-	If the UE is configured by higher layers to receive a PDCCH, or a PDSCH, or a CSI-RS in the set of symbols of the slot, the UE receives the PDCCH, the PDSCH, or the CSI-RS if 
-	the UE does not detect a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, or DCI format 2_3 that indicates to the UE to transmit a PUSCH, a PUCCH, a PRACH, or a SRS in the set of symbols of the slot, or
-	the UE detects a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, or DCI format 2_3 that indicates to the UE to transmit a PUSCH, a PUCCH, a PRACH, or a SRS in the set of symbols of the slot and a number of symbols between a last symbol of a control resource set where the UE detects the DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, or DCI format 2_3 and a first the last symbol in the set of symbols is smaller than the PUSCH preparation time N2 for the corresponding PUSCH timing capability [6, TS 38.214]. 
Otherwise, the UE does not only receive the PDCCH, or the PDSCH, or the CSI-RS in symbols of the set of symbols of the slot before the N2 symbols after the last symbol of a control resource set where the UE detects the DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, or DCI format 2_3.
-	If the UE is configured by higher layers to transmit a periodic SRS, or a PUCCH, or a PUSCH, or a PRACH in the set of symbols in the slot, the UE transmits the periodic SRS, or the PUCCH, or the PUSCH, or the PRACH in the set of symbols of the slot if 
-	the UE does not detect a DCI format 1_0, DCI format 1_1, or DCI format 0_1 that indicates to the UE to receive PDSCH or CSI-RS in the set of symbols in the slot, or 
-	the UE detects a DCI format 1_0, DCI format 1_1, or DCI format 0_1 that indicates to the UE to receive PDSCH or CSI-RS in the set of symbols in the slot and a number of symbols between a last symbol of a control resource set where the UE detects the DCI format 1_0, or DCI format 1_1, or DCI format 0_1 and a first the last symbol in the set of symbols is smaller than the PUSCH preparation time N2 for the corresponding PUSCH timing capability. 
Otherwise, the UE does not only transmit the periodic SRS, or the PUCCH, or the PUSCH, or the PRACH in symbols of the set of symbols of the slot before the N2 symbols after the last symbol of a control resource set where the UE detects the DCI format 1_0 or DCI format 1_1.
<Omitted>


-----------End of Text Proposal--------

Proposal 2: When the RRC configured UL transmission which starts before N2 conflicts with DCI scheduled PDSCH/CSI-RS, the gNB can cancel the conflicting part of DCI scheduled PDSCH/CSI-RS transmission and transmit this PDSCH/CSI-RS in the remaining part by rate matching.
Proposal 3: When the RRC configured DL reception which starts before N2 conflicts with DCI scheduled PUSCH/SRS, UE can cancel the conflicting part of DCI scheduled PUSCH/SRS transmission and transmit this PUSCH/SRS in the remaining part by rate matching.
Proposal 4: For CONNECTED UEs, in addition to rate matching around unicast PDSCH, cell-level resource set can also be used to achieve rate matching around by Paging, RAR and Msg4.
Proposal 5: 
-----------Text Proposal--------
38.213 Section 10.1
	10.1 UE procedure for determining physical downlink control channel assignment

<Omitted>

A UE does not expect any two PDCCH monitoring occasions, for a same search space set or for different search space sets, in a same control resource set to be overlapped by a non-zero number of symbols. separated by a non-zero number of symbols that is smaller than the control resource set duration.

<Omitted>


-----------End of Text Proposal--------

Proposal 6: 
-----------Text Proposal--------
38.214 Section 5.1.4.1
	5.1.4.1 PDSCH resource mapping with RB symbol granularity
<Omitted>
Within a BWP, a frequency domain resource of a CORESET with controlResourceSetId and time domain resource determined by the the higher layer parameter duration of the CORESET with a controlResourceSetId and higher layer parameters monitoringSlotPeriodicityAndOffset and monitoringSymbolsWithinSlot of search-space-sets associated with the CORESET with a controlResourceSetId. This resource not available for PDSCH can be included in one or two groups of resource sets (higher layer parameters rateMatchPatternGroup1 and rateMatchPatternGroup2 ).
<Omitted>


-----------End of Text Proposal--------

Reference
[1] Final Report of 3GPP TSG RAN WG1 #92b v1.0.0, 2018-04
[2] 3GPP TS 38.213 V15.2.0: "Physical layer procedures for control", 2018-06.
[3] 3GPP TS 38.214 V15.2.0: "Physical layer procedures for data", 2018-06.
[4] R1-1808209  “Remaining aspects for rate matching”, ZTE	

1

image2.png
l RRC configured UL transmission

l PDCCH/DCI

l DCI scheduling PDSCH/CSI-RS





image3.png
l RRC configured UL transmission l PDCCH/DCI
l DCI scheduled PDSCH/CSI-RS

<N2 <N2

 — [ —

{ Remaining part

N2

Option 1 Option 2




image4.png
. RRC configured UL transmission . PDCCH/DCI
l DCI scheduled PDSCH/CSI-RS

<N2 <N2

Conflicting part

Remaining part

N2 N2

Option 1 Option 2




image5.png
l RRC configured DL transmission PDCCH/DCI

l DCI scheduled PUSCH/SRS

<N2

—

N2




image6.png
l RRC configured DL transmission l PDCCH/DCI
l DCI scheduled PUSCH/SRS
<N2 <N2

- Conflicting part

Remaining part

N2 N2

Option 1 Option 2




image7.emf
(a) (b)

(c)

t

One occasion

Another occasion

a symbol

(d)


oleObject1.bin
(a)


(b)


(c)


t


One occasion


Another occasion


a symbol


(d)



image1.png
l RRC configured UL transmission

l PDCCH/DCI

l DCI scheduling PDSCH/CSI-RS





