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1. Introduction
In this contribution, we discuss more details on the DCI format for paging and the mechanism for future improvement of paging.

2. Discussion
DCI format for paging
In this document, we will discuss about details of contents for DCI format 1_0 CRC scrambled with P-RNTI reflecting previous agreement that 1-bit in paging DCI is used to indicate whether the short message only or scheduling information only. 
[bookmark: _GoBack]The feature of using flag bit is similar to direct indication in LTE [1]. In LTE, DCI format 6-2 is used to transmit paging message/ direct indication information with P-RNTI. In figure 1, the operation concept of DCI format 6-2 scrambled by P-RNTI in LTE is depicted. In that case, the lowest one information bit plays a role as flag bit whether resource allocation information of paging message will be transmitted or direct indication information, which is same meaning with the ‘short message’ mentioned in [2], will be transmitted. So, we can consider that such framework in LTE is reused for NR paging.
Observation 1: 
· The feature of using flag bit is similar to operation for direct indication/ paging message transmission in LTE. Such paging framework can be reused for NR.



Figure 1. The operation concept of DCI format 6-2 scrambled by P-RNTI in LTE
First, we will discuss about the composition of direct indication in detail. If NR supports same framework of paging DCI format 6-2 in LTE for NR paging, NR needs to redefine the contents of direct indication information and scheduling information for paging message respectively. First, in terms of direct indication information, 8 bits are used for direct indication information in LTE and each bits indicate change of systemInfoModification(1), etws-Indication(1), cmas-Indication(1), eab-ParamModification(1), eDRXInfoModification(1) and not used (3) respectively. So far, the details of system information and paging message for NR are not clarified in RAN2. So, after RAN2 discussion, RAN1 could continue to discuss how to compose the details of short message in paging DCI.
Observation 2: 
· After RAN2 discussion, RAN1 could continue to discuss how to compose the details of short message in paging DCI.

Next, we will discuss about scheduling of paging message. As shown in [3], NR DCI format 1_0 is composed of various contents. However, it seems that some of them are not inevitable for transmitting scheduling information only since H-ARQ process and power control is not required for paging and the contents are listed as below:
· New data indicator, Redundancy version, HARQ process number, PDSCH-to-HARQ_feedback timing indicator, Downlink assignment index, PUCCH resource indicator
· TPC command for scheduled PUCCH
As a result, for scheduling of paging message, only information related with time/frequency /decoding should be necessary. 
Observation 3: 
· The following contents such as HARQ-related and information related with power control in NR DCI format 1_0 look unnecessary for transmission of scheduling information: 
· New data indicator, Redundancy version, HARQ process number, PDSCH-to-HARQ_feedback timing indicator, Downlink assignment index, PUCCH resource indicator
· TPC command for scheduled PUCCH
· For scheduling of paging message, only information related with time/frequency /decoding should be necessary.

However, when gNB sends the paging DCI to indicate the short messages, paging message cannot be delivered to IDLE UEs for a long duration. Also, when gNB triggers the resource allocation in the paging DCI, RRC CONNECTED UE should operate PDCCH decoding to get the information of SI change or the urgent SI (i.e. ETWS, CMAS), which brings redundant decoding complexity and increases decoding latency. In order to resolve the problem, we can consider some solutions as follows: 
· Alt 1. (B)-1 in Figure 2: Introduce SI message indicator with 1bit in addition to resource allocation bit field
· The one bit can play as a role as an indication bit to inform whether the RRC page message includes only pagingRecordList or both pagingRecordList and SI change information. That is, according to the SI message indicator, RRC CONNECTED UEs may operate the PDSDCH decoding or not. 
· Alt 2. (B)-2 in Figure 2: Introduce SI message indicator and high priority SI (e.g. ETWS, CMAS) indicator with 1+Y bits in addition to resource allocation bit field
· Among lots of system information, some information such as ETWS and CMAS should be urgently delivered to UEs. When the message(s) is/are included in paging message, UE should receive the PDSCH and operate the data decoding. For further reduction of the processing delay of decoding the PDSCH, some crucial SI can be dropped off from paging message and it can be directly indicated from DCI. In the paging DCI, the additional 1+Y bits can play as SI message indicator (1bit) and high priority SI indicator (Y bits).



Figure 2. The operation concept of paging DCI scrambled by P-RNTI and Flag=1

Proposal 1: 
· NR should allow the simultaneous indication of resource allocation and SI change notification in Paging DCI. 
· In addition to bit field for resource allocation, additional one or more bit(s) is/are assigned for SI change notification.
· Alt 1: Introduce SI message indicator with 1bit in addition to resource allocation bit field
· Alt 2: Introduce SI message indicator and high priority SI (e.g. ETWS, CMAS) indicator with 1+Y bits in addition to resource allocation bit field



Based on above discussion, we can compose the paging DCI as below:
Proposal 2: 
- If the DCI Format Z CRC is scrambled by P-RNTI:
· Flag for paging/direct indication differentiation – 1 bit, with value 0 for direct indication and value 1 for paging
- DCI Format Z CRC is scrambled by P-RNTI and Flag=0
· Direct Indication information – X bits
· Reserved information bits are added until the size is equal to that of format 1_0 with Flag=1
- DCI Format Z CRC is scrambled by P-RNTI and Flag=1
· System information Modification flag – one or more bit(s)
· VRB-to-PRB mapping – 1 bit ( localized or distributed)
· Frequency domain resource assignment  [image: ] bits 
· Time domain resource assignment – X bits 
· Modulation and coding scheme – 5bits
· Identifier for DCI formats -1 bit, New data indicator – 1 bit,  Redundancy version – [2] bits, HARQ process number – [4] bits, PDSCH-to-HARQ_feedback timing indicator – [3] bits, Downlink assignment index – 2 bits, PUCCH resource indicator – [2] bits, TPC command for scheduled PUCCH – [2] bits set to ‘zero’

Consideration on future improvement of NR Paging
Due to beam sweeping operation in NR, it is obvious that additional mechanism for paging delivery is necessary in order to reduce paging overhead. Though no additional mechanism is adopted for paging for the sake of the timely completion of Rel-15, depending on the merits of adopting additional paging mechanism, the additional mechanism might be supported in later release. 
Observation 4: 
· Even if paging design of Rel-15 does not support any other additional mechanism for paging delivery, depending on the merits of adopting additional paging mechanism, the additional mechanism might be supported in later release. 

One of ways is dividing UEs into sub-groups to reduce wake-up time for paging. For the case, paging group indicator is also introduced and discussed. In this document, we would like to clarify where or how the paging group indicator might be transmitted. There are many ways to indicate configuration of paging group indicator such as using additional RNTI or conveyed in DCI. If additional RNTI is adopted to represent paging group indicator, the complexity of blind decoding in the view of UE will increase. As a result, the information of paging group indicator should be carried in paging DCI and additional bits are also required to differentiate Rel. of UEs.
Proposal 3: 
· The information of paging group indicator should be carried in paging DCI and additional bits are also required to differentiate Rel. of UEs.

3. Conclusion
In this contribution, we discussed on paging design in NR and our observations and proposals are as follows :
DCI format for paging
Observation 1: 
· The feature of using flag bit is similar to operation for direct indication/ paging message transmission in LTE. Such paging framework can be reused for NR.
Observation 2: 
· After RAN2 discussion, RAN1 could continue to discuss how to compose the details of short message in paging DCI.
Observation 3: 
· The following contents such as HARQ-related and information related with power control in NR DCI format 1_0 look unnecessary for transmission of scheduling information: 
· New data indicator, Redundancy version, HARQ process number, PDSCH-to-HARQ_feedback timing indicator, Downlink assignment index, PUCCH resource indicator
· TPC command for scheduled PUCCH
· For scheduling of paging message, only information related with time/frequency /decoding should be necessary.

Proposal 1: 
· NR should allow the simultaneous indication of resource allocation and SI change notification in Paging DCI. 
· In addition to bit field for resource allocation, additional one or more bit(s) is/are assigned for SI change notification.
· Alt 1: Introduce SI message indicator with 1bit in addition to resource allocation bit field
· Alt 2: Introduce SI message indicator and high priority SI (e.g. ETWS, CMAS) indicator with 1+Y bits in addition to resource allocation bit field
Proposal 2: 
- If the DCI Format Z CRC is scrambled by P-RNTI:
· Flag for paging/direct indication differentiation – 1 bit, with value 0 for direct indication and value 1 for paging
- DCI Format Z CRC is scrambled by P-RNTI and Flag=0
· Direct Indication information – X bits
· Reserved information bits are added until the size is equal to that of format 1_0 with Flag=1
- DCI Format Z CRC is scrambled by P-RNTI and Flag=1
· System information Modification flag – one or more bit(s)
· VRB-to-PRB mapping – 1 bit ( localized or distributed)
· Frequency domain resource assignment  [image: ] bits 
· Time domain resource assignment – X bits 
· Modulation and coding scheme – 5bits
· Identifier for DCI formats -1 bit, New data indicator – 1 bit,  Redundancy version – [2] bits, HARQ process number – [4] bits, PDSCH-to-HARQ_feedback timing indicator – [3] bits, Downlink assignment index – 2 bits, PUCCH resource indicator – [2] bits, TPC command for scheduled PUCCH – [2] bits set to ‘zero’


Consideration on future improvement of NR Paging
Observation 4: 
· Even if paging design of Rel-15 does not support any other additional mechanism for paging delivery, depending on the merits of adopting additional paging mechanism, the additional mechanism might be supported in later release. 

Proposal 3: 
· The information of paging group indicator should be carried in paging DCI and additional bits are also required to differentiate Rel. of UEs.






4. Reference
TS 36.212 V14.0.0 Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and channel coding
RAN1 NRAH1801, Chairman’s note
3GPP TS 38.212 V15.0.0: NR, Multiplexing and channel coding

Appendix A. Previous agreement
	Agreements: (RAN1 NRAH-1801) [2]
· NR supports a 1-bit in paging DCI to indicate whether the short message only or scheduling information only is carried in the Paging DCI
· The TP is endorsed as follows (7.3.1.2.1, 38.212)
-	PUCCH resource indicator – [2] bits as defined in section x.x of [5, TS38.213]
-	PDSCH-to-HARQ_feedback timing indicator – [3] bits as defined in section x.x of [5, TS38.213] 
If scrambled by P-RNTI, the following information is transmitted by means of the DCI format 1_0:
· Short Messages Indicator – 1 bit. This bit is used to indicate whether the short message only or scheduling information only is carried in the Paging DCI.

· To adopt the TP for Section 5.1 of TS38.214:
When receiving PDSCH for RMSI or broadcasted Other System Info or paging the UE may assume that the DM-RS port of PDSCH is quasi co-located with the associated SS/PBCH block with respect to [spatial RX parameters].

· The association between actual transmitted SSB and the monitoring window of PDCCH containing the Paging DCI and the broadcast OSI DCI can be respectively configured via RMSI.
· It is up to RAN2 on how to do the above configuration. Send an LS to RAN2 (R1-1801248, which is approved and final LS is in R1-1801280)
· The default association between SSB index and monitoring window of PDCCH containing a Paging DCI and a broadcast OSI DCI is same as that between SSB index and its RMSI monitoring window.
Agreements:
· The TP in section 2.2 (for section 10.1 of 38.213) of R1-1801261 is endorsed
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