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1 Introduction

In the RAN#68 meeting, the Work Item on “Support of single-cell PTM transmission in LTE” was approved [1]. One objective of the WI is to specify air interface aspects to support the SC-PTM operation. In particular:
· SC-PTM configuration: 

· Use one Group-RNTI per TMGI.

· Provisioning of the SC-PTM configuration using a SC-PTM specific MCCH.

· Support transmission schemes associated with Transmission Mode 1, 2 and 3 for SC-PTM transmission. 

In the RAN2#91 meeting, two questions on PHY aspects for SC-PTM transmission [2] were sent to RAN1.
· Discuss and decide what PDCCH search space is used to transmit the DCI for SC-PTM scheduling, and to make the necessary changes in RAN1 specifications after the decision is made;
· Whether a UE can support the reception of multiple services (i.e. multiple transport blocks scheduled via different Group-RNTIs) with different Transmission Modes (i.e. TM 1, 2 or 3) in one subframe.

In this contribution, we will give our views on these two questions.
2 Discussion on search space for SC-PTM
2.1 MCPTT scalability guidance 
The main motivation of introducing SC-PTM is to support MCPTT (Mission Critical Push To Talk). TS 22.179 [3] provides the following guidance on the MCPTT scalability:
Annex C (informative): MCPTT scalability guide
The MCPTT Service might support a range of 36 to 150 simultaneous MCPTT Group Calls in every cell of the MCPTT system per regional regulatory requirement.

If we assume all the MCPTT group calls are voice calls (which is the most typical traffic type) and the SC-PTM scheduling periodicity for the voice call is 40ms (using of 80ms scheduling periodicity may not fulfill the 150ms E2E media transport latency requirement for MCPTT), given that there is one Group-RNTI per TMGI (i.e. per group), then in order to satisfy the MCPTT scalability guidance, the system needs to support 9~37 PDCCHs scrambled with Group-RNTI per radio frame.
Observation 1: The system needs to support 9~37 PDCCHs scrambled with Group-RNTI per radio frame for MCPTT, assuming the SC-PTM scheduling periodicity is 40ms.

2.2 Capacity analysis on existing CSS

For SC-PTM, since the transmission will address a group of UEs, it is natural to consider existing CSS (Common Search Space) to carry the PDCCHs scrambled with Group-RNTI.

As indicated in Table 1 [4], the existing CSS includes 16 CCEs. In some scenarios, e.g. when the system bandwidth is less than 10MHz, 16 available CCEs may hardly be guaranteed for CSS. However, in these scenarios, PDSCH capacity is also expected to be limited. Therefore, in this contribution, the discussion will focus on the scenarios with as large as 16 CCEs in CSS.
Table 1: Existing CSS

	Search space 
	Number of PDCCH
 candidates 

	Type
	Aggregation level (AL)
	Size [in CCEs]
	

	Common
	4
	16
	4

	
	8
	16
	2


In Table 2, the capacity of existing CSS is represented as the number of PDCCH candidates per radio frame. For TDD system, since the number of DL subframes is less than that in FDD system, the CSS capacity is also smaller than that in FDD system.
Table 2: Capacity of existing CSS (number of PDCCH candidates per radio frame)

	
	FDD
	TDD 

(Config#0)
	TDD 

(Config#1)
	TDD 

(Config#2)

	AL 4
	40
	16
	24
	32

	AL 8
	20
	8
	12
	16


Currently, DCI format 1A/1C scrambled by SI-RNTI/P-RNTI/RA-RNTI, DCI format 3/3A scrambled by TPC-PUCCH-RNTI/TPC-PUSCH-RNTI and DCI format 0 scrambled by Temporary C-RNTI are transmitted in CSS. According to the analysis (shown in Appendix A [5]), on average 3~4 DCIs are required in CSS per radio frame. Assuming 4 PDCCHs are transmitted per radio frame for existing functions, and then we can get the available capacity in existing CSS for SC-PTM transmission, as illustrated in Table 3. 
Table 3: Available PDCCH candidates per radio frame for SC-PTM in existing CSS

	
	FDD
	TDD 

(Config#0)
	TDD 

(Config#1)
	TDD 

(Config#2)

	All PDCCHs with AL 4
	36
	12
	20
	28

	All PDCCHs with AL 8
	16
	4
	8
	12

	PDCCHs for SC-PTM with AL 4, other PDCCHs with AL 8
	32
	8
	16
	24


At current stage, we consider existing CSS is enough for SC-PTM transmission. According to our system-level evaluation, only 2.5% UEs and 7% UEs in a cell need to be configured with PDCCH of Aggregation Level 8 in typical 3GPP Case 1 scenario and in typical 3GPP Case 3 scenario, respectively. Assuming requirement of 95% coverage for SC-PTM transmission, in typical 3GPP Case 1 scenario, it is enough to only use PDCCHs of Aggregation Level 4. In typical 3GPP Case 3 scenario, few PDCCHs with Aggregation Level 8 may be needed, but in most cases, it is feasible to only use PDCCHs with Aggregation Level 4. As observed in Table 3, if all PDCCHs scrambled with G-RNTI are provided with Aggregation Level 4, then existing CSS can provide almost sufficient capacity for SC-PTM transmission for FDD system. For TDD system, existing CSS may be limited in some UL/DL configurations, but PDSCH capacity is also expected to be limited proportionally due to less DL subframes.
Observation 2: In most cases, existing CSS has sufficient capacity for SC-PTM transmission.
Proposal 1: existing CSS is used for SC-PTM transmission.
2.3 Possible enhancements for search space

If it is agreed that the capacity of existing CSS is limited for SC-PTM transmission and enhancements are deemed necessary, some potential solutions might be considered, for example, introducing additional search space, or using of SPS for SC-PTM transmission. UE complexity on PDCCH blind decoding and possible PDCCH blocking are the two key factors to consider when choosing the appropriate solution.

If additional search space will be supported, eNB should have the flexibility to determine whether configuring additional search space for SC-PTM transmission or not. For example, the additional search space is configured only when there are large number of Group Calls.

3 Discussion on DCI for scheduling SC-PTM

It was agreed that TM 1, 2 and 3 are supported for SC-PTM transmission. Currently, for TM1 and TM2, DCI format 1A and DCI format 1 are used; for TM3, DCI format 1A and DCI format 2A are used. However, DCI format 1 and DCI format 2A cannot be transmitted in existing CSS [4]. For TM1 and TM2, even if there is no format 1, it can still work for SC-PTM transmission by relying on DCI format 1A. For TM3, large delay CDD cannot be supported if there is no DCI format 2A. To support TM3 with large delay CDD in CSS, two methods can be considered.
· Method 1: DCI format 2A can be transmitted in CSS.

If a UE is configured by higher layers to decode PDCCH with CRC scrambled by the G-RNTI, the UE shall decode the PDCCH and the corresponding PDSCH according to any of the combinations defined in Table 4. The scrambling initialization of PDSCH corresponding to these PDCCHs is by G-RNTI. DCI format 1C can also be used for TM1 and TM2, which has smaller overhead than DCI format 1A.
Table 4: PDCCH and PDSCH configured by G-RNTI
	DCI format
	Search Space
	Transmission scheme of PDSCH corresponding to PDCCH

	DCI format 1C
	Common
	If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used, otherwise Transmit diversity 

	DCI format 1A
	Common
	If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used, otherwise Transmit diversity 

	DCI format 2A
	Common
	Large delay CDD  or Transmit diversity


With method 1, the least changes in RAN1 specifications will be made. However, since one additional DCI payload size is introduced in CSS, additional 6 blind decodes in CSS are added.
· Method 2: Use DCI format 1A for Large delay CDD.
If a UE is configured by higher layers to decode PDCCH with CRC scrambled by the G-RNTI, the UE shall decode the PDCCH and the corresponding PDSCH according to any of the combinations defined in Table 5. The scrambling initialization of PDSCH corresponding to these PDCCHs is by G-RNTI.
Table 5: PDCCH and PDSCH configured by G-RNTI
	DCI format
	Search Space
	Transmission scheme of PDSCH corresponding to PDCCH

	DCI format 1C
	Common
	If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used, otherwise Transmit diversity 

	DCI format 1A
	Common
	If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used, otherwise Transmit diversity or Large delay CDD


In addition, to support large delay CDD, following three kinds of information need to be considered:

· two MCSs of two TBs
For simplicity, the same MCS can be used for two TBs, so only one MCS field is needed, which keeps the same as in DCI format 1A. 
· Precoding information
Currently, for transmission with 2 antenna ports, the precoding information field is not present; for transmission with 4 antenna ports, the precoding information field is 2 bits. If large delay CDD is only configured when the number of CRS antenna ports is two, no precoding information needs to be added in DCI format 1A.
Further, if Large delay CDD with 4 antenna ports needs to be supported, 2-bit precoding information is needed. Since HARQ-ACK feedback is not supported for SC-PTM transmission, there are some redundant bits such as 2 bits of TPC command for PUCCH, which can be reused to indicate the precoding information.
· Transport block to codeword swap flag
The transport block to codeword mapping can be predefined, and codeword swap flag does not have to be added in DCI format 1A.
With method 2, very few changes in RAN1 specifications will be made. In addition, the number of PDCCH blind decodes in CSS keeps the same.
Proposal 2: DCI format 1A is used for scheduling SC-PTM transmission with Large delay CDD.
4 Discussion on simultaneous reception of multiple services with different transmission modes
In [6], RAN1 has already answered that 
It is feasible for certain UEs to support simultaneous reception of unicast and one or more SC-PTM transmissions in one subframe on one carrier, with extra standardization and implementation work, but it may not be feasible to expect that all UEs can support the simultaneous reception. 
Proposal 3: It is not mandatory for a SC-PTM capable UE to support simultaneous reception of multiple SC-PTM transmissions in one subframe on one carrier.
In [7], it is proposed that it is optional for MIMO/CA capable UEs to support simultaneous reception of multiple SC-PTM transmissions in one subframe on one carrier. Therefore, in this section, we only focus on UEs who can support simultaneous reception of multiple SC-PTM transmissions.
For a non-MIMO capable UE, only TM1 and TM2 can be configured, so a non-MIMO capable UE with parallel reception capability can support simultaneous reception of multiple services with TM1 and TM2. For a MIMO capable UE, TM3 can also be configured, so a MIMO capable UE with parallel reception capability can support simultaneous reception of multiple services with TM1, TM2 and TM3.
Proposal 4: A non-MIMO capable UE with parallel reception capability can support simultaneous reception of multiple services with TM1 and TM2. A MIMO capable UE with parallel reception capability can support simultaneous reception of multiple services with TM1, TM2 and TM3.

5 Conclusion

In this paper, we discuss some issues for supporting SC-PTM and give our observations and proposals:

Observation 1: The system needs to support 9~37 PDCCHs scrambled with Group-RNTI per radio frame for MCPTT, assuming the SC-PTM scheduling periodicity is 40ms.
Observation 2: In most cases, existing CSS is enough for SC-PTM transmission.
Proposal 1: existing CSS is used for SC-PTM transmission.

Proposal 2: DCI format 1A is used for scheduling SC-PTM transmission with Large delay CDD.
Proposal 3: It is not mandatory for a SC-PTM capable UE to support simultaneous reception of multiple SC-PTM transmissions in one subframe on one carrier.
Proposal 4: A non-MIMO capable UE with parallel reception capability can support simultaneous reception of multiple services with TM1 and TM2. A MIMO capable UE with parallel reception capability can support simultaneous reception of multiple services with TM1, TM2 and TM3.
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Appendix A.
The current load of existing CSS is analysis in the table 4 in the number of required DCIs in a radio frame. It is observed that if all the potential DCI formats are transmitted in one radio frame, then maximum 6~7 DCIs shall be transmitted so that the load of CSS can be high. It should be noted that eNB can easily distributes these transmissions in different radio frames then on average 3~4 DCIs are required in CSS within a radio frame. 

Table 6: Current load of CSS
	DCI formats  
	Purpose 
	Number of required DCIs in a radio frame 

	Format 0 
	Trigger random access procedure for each packet arrival 
	0.03 

Assuming medium arriving rate (uplink and downlink lambda = 1.5) 

	Format 3/3A 
	Group UL PC (TPC-RNTI) 
	1  
Supporting group UL PC for over 10/20 users’ periodical UL transmissions (UL SPS, SRS etc) 

	Format 1C/1A
	SIB 1 schedule (SI-RNTI) 
	0.5  (Occurs in every even radio frame) 

	
	SIB  i (i >=2）(SI-RNTI) 
	1~2 

Assuming SI window num=4; Num of SI scheduling within window=4; SI period=8~16 radio frames 

	
	Paging schedule(P-RNTI) 
	1/32 

Assuming minimum default paging period  

	
	Random access response 

(RA-RNTI) 
	0.03 

Assuming medium arriving rate (uplink and downlink lambda = 1.5) 








