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1
Introduction
In this contribution, we discuss D2D UE capabilities.  We focus on the baseband aspects of UE capabilities in the contribution. 

We note that despite common signal design, there are significant differences between D2D discovery and communication such as the resource allocation schemes and data rate/bandwidth requirements. Further, the use cases and applications that are currently envisioned for discovery (consumer use case) and communication (PS use case) are different. Thus, we propose:

Proposal 1: D2D discovery and D2D communication are separate and independent UE capabilities. 

Next, we discuss additional capabilities for discovery and communication capable UEs.
1.1 D2D Discovery Capabilities
Async support: for D2D discovery in async networks, UEs may be expected to transmit and receive D2D synchronization signals. On the transmission side, these signals reuse the existing DL waveform and hence are typically not transmitted by the UE. We further note these signals do not use DFT precoding that are associated with the remaining D2D channels, and SD2DSS in particular does not use . On the receiver side, PD2DSS signal is different that the PSS signal (different root indices, and SC-FDM mapped), and also periodicity of D2DSS is different (40ms as opposed to 5 ms) than PSS/SSS. These necessitates additional processing compared to detection of PSS/SSS for the UE. Therefore, we propose: 
Proposal 2: For discovery capable UEs, D2DSS transmission/reception is a separate UE capability. 

Simultaneous WAN and D2D 

We note that there are multiple agreements made on simultaneous WAN and D2D operation which can be summarized as follows:

1. TX: WAN TX is prioritized over D2D TX in case of time domain conflict – this agreement applies to PUSCH as well as UCI transmissions including PUCCH and SRS.

2. RX: 

a. UE may not able  simultaneously receive DL and discovery signals

b. UE can prioritize D2D RX over WAN RX on a given SF (and +-1 SF) only for paired DL carrier

c. UE should prioritize WAN RX over D2D RX from a soft buffer perspective – there is no standards change to support limited/shared soft buffer between WAN and D2D

Despite the agreement 2b above, UE is still required to follow agreement 1 and 2c – and further may be expected to perform tasks such as CQI reporting when participating in discovery. We note that the agreement 2b only applies for the paired DL carrier, and the UE is expected to continue un-interrupted on other component carriers. This is an additional burden for UE receiver, therefore we propose: 

Proposal 3: For discovery capable UEs, support for discovery on serving frequency(es) when UE is in RRC_CONNECTED (not in DRX) is a separate UE capability.
Further, based on the working assumption 2a, we propose:
Proposal 4: For discovery capable UEs, support for simultaneous discovery and downlink reception on the paired carrier is a separate UE capability. Due to RF implications, this is defined per discovery band per WAN band combination.  

1.2 D2D Communication Capabilities
Resource allocation: For communication, two separate resource allocation mechanisms are defined: Mode 1 and Mode 2. Unlike Type 2B discovery, Mode 1 scheduling is more dynamic and done through a new DCI (DCI 5). Therefore, we propose:
Proposal 5: For communication capable UEs, support for Mode 1 and Mode 2 are separate UE capabilities. 
D2D data rate: we note the following agreement made at RAN1 #78BIS

	Agreements: 

· The transmitting D2D UE always assumes that there is enough memory to always use the mother turbo code with rate 1/3

· The maximum aggregate data rate that a D2D UE is expected to receive is limited to [X]

· X may [FFS] depend on UE D2D capability

· The number of HARQ processes per transmitting D2D UE is 1 per destination ID

· Note that any discussion of communication with multiple destination IDs is up to RAN2. 

D2D UE behaviour in cases when these limits are reached is left to D2D UE implementation


We note that existing UE categories specify constraints both on per TTI (TX/RX) bits supported, as well as total soft channel bits. This is shown in the tables below from TS 36.306.

Table 4.1-1: Downlink physical layer parameter values set by the field ue-Category
	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI (Note)
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of soft channel bits
	Maximum number of supported layers for spatial multiplexing in DL

	Category 1
	10296
	10296
	250368
	1

	Category 2
	51024
	51024
	1237248
	2

	Category 3
	102048
	75376
	1237248
	2

	Category 4
	150752
	75376
	1827072
	2

	Category 5
	299552
	149776
	3667200
	4

	Category 6
	301504
	149776 (4 layers)

75376 (2 layers)
	3654144
	2 or 4

	Category 7
	301504
	149776 (4 layers)

75376 (2 layers)
	3654144
	2 or 4

	Category 8
	2998560
	299856
	35982720
	8

	Category 9
	452256
	149776 (4 layers)

75376 (2 layers)
	5481216
	2 or 4

	Category 10
	452256
	149776 (4 layers)

75376 (2 layers)
	5481216
	2 or 4

	NOTE:
In carrier aggregation operation, the DL-SCH processing capability can be shared by the UE with that of MCH received from a serving cell. If the total eNB scheduling for DL-SCH and an MCH in one serving cell at a given TTI is larger than the defined processing capability, the prioritization between DL-SCH and MCH is left up to UE implementation.


Table 4.1-2: Uplink physical layer parameter values set by the field ue-Category

	UE Category
	Maximum number of UL-SCH transport block bits transmitted within a TTI
	Maximum number of bits of an UL-SCH transport block transmitted within a TTI
	Support for 64QAM in UL

	Category 1
	5160
	5160
	No

	Category 2
	25456
	25456
	No

	Category 3
	51024
	51024
	No

	Category 4
	51024
	51024
	No

	Category 5
	75376
	75376
	Yes

	Category 6
	51024
	51024
	No

	Category 7
	102048
	51024
	No

	Category 8
	1497760
	149776
	Yes

	Category 9
	51024
	51024
	No

	Category 10
	102048
	51024
	No


We propose to use a similar framework for D2D with additional parameter relating being able to receive from multiple transmitters at the same time – note for traditional WAN system, this number is assumed to be 1.
Proposal 6: baseline D2D communication capability for a UE is defined to include being able to (i) receive up to 51024 transport blocks bits in 1 TTI  from 1 D2D transmitter at a time  (ii) transmit 51024 transport block bits in 1 TTI.  Any additional capabilities are FFS. 

2
Summary
In this contribution, we discussed UE capabilities for D2D discovery and communication. We made the following proposals: 
Proposal 1: D2D discovery and D2D communication are separate and independent UE capabilities. 

Proposal 2: For discovery capable UEs, D2DSS transmission/reception is a separate UE capability. 

Proposal 3: For discovery capable UEs, support for discovery on serving frequency(es) when UE is in RRC_CONNECTED (not in DRX) is a separate UE capability.
Proposal 4: For discovery capable UEs, support for simultaneous discovery and downlink reception on the paired carrier is a separate UE capability. Due to RF implications, this is defined per discovery band per WAN band combination.  

Proposal 5: For communication capable UEs, support for Mode 1 and Mode 2 are separate UE capabilities. 
Proposal 6: baseline D2D communication capability for a UE is defined to include being able to (i) receive up to 51024 transport blocks bits in 1 TTI  from 1 D2D transmitter at a time  (ii) transmit 51024 transport block bits in 1 TTI.  Any additional capabilities are FFS. 
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