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Introduction
In RAN2#95Bis meeting, it was agreed to progress UL data transmission in new UE state as following:
Agreements for how progress the study:
1: 	For any solution to send uplink packet, the latency, signalling overhead and UE power consumption, UE mobility shall be evaluated.
1a	We need to discuss and determine the use case for data transmission
1b	Determine the latency requirements from the RAN TR that apply for the "new state".

2	2 potential approaches for further evaluation (in addition to baseline move to connected and then transmit data)
b) Transmit data together with initial RRC message for transition to connected
c) Transmit data in "new state"

3	Questions for be answered for any proposal ()
- whether there is RACH, if so whether it is 2-step or 4-step (there could be 3 options)?
- contention resolution, at which step (depends on exact procedure)?
- grant size, what are the supported sizes and how to perform size selection?
- whether 0, 1, 2 or 3 RRC messages are used (from latency and overhead perspective, less messages could be better)?
- usage of HARQ/ARQ?
- how to perform UE identification/(authentication/context fetch)?
- how to configure U-plane for transmission?
- for b)
	- when does the UE start full connected operation, e.g. RLM, CSI/RRM measurements, etc.
	- how to determine whether to move to "full connected" or not
	- whether data would always be concatenated in order to establish the RRC connection, and whether that would affect the coverage by deteriorating the successful rate of RRC connection establishment/resume
- for c), how to decide when to use c) rather than a)
According to above agreements, Option c) Transmit data in "new state" means UE can transmit UL data without transition to RRC connected mode.
In this contribution, we try to answer above questions for Option c). 
Discussion
Motivation to Support Option c)
Sporadic small packets (e.g., eMBB background keep-alive, aperiodic MTC small data) may account for large percentage of total number of data packets. To be specific, background keep-alive can be especially prominent when during inactivity period of smart device applications.
Option c) is suitable to transmit sporadic small data traffic especially for radio signalling reduction and UE power saving. It also helps to reduce latency for some latency stringent small data transmission. Compared to option a), Option c) does not require RRC transition, which might be achieved by RRC resume procedure. The RRC resume procedure may include RACH, RRC resume request (UE context fetch request), RRC resume confirmation (bearer activation or reconfiguration), and NG path switch or reestablishment. Suppose in NR, the RRC resume procedure is similar as that applied in NB-IoT, i.e. it is an enhanced procedure of random access message 1-5. The procedure requires signalling of more than 60 Bytes and latency to transmit and process 5 air interface signals. Nevertheless, for sporadic small packet transmission under moderate network loading, differentiated QoS and channel schemes will not bring noticeable performance difference. Default configuration of data channel can be adopted, which is usually with low MCS level. Without RRC transition, RRC level signalling can be removed or minimized, UL data can be sent in instant and UE power can be saved. 
As an example, taking following assumptions into consideration, effective spectral efficiency is compared between Option c) and option a), as illustrated in Figure 1.
1. UE number: 300,000 per cell;
1. Average UE data arrival: one packet per 300 seconds;
1. Available network resources: 1.08Mhz, with data unit of 0.1ms*720kHz;
1. Data delay budget: 10ms. 
Option a) is modelled as a 4-step RACH procedure. And Option c) is modelled as 0-step data transmission in grant free resources, which will be further described in chapter 2.2. The piece of grant free resource is allocated per data delay budget, i.e. 10ms.
As can be observed in Figure 1, with 70% user activation and packet size of 20 bytes, Option c) outperforms option a). The corresponding network resource utilization is around 10% for Option c) and 38% for option a). While for packet size of 40 bytes, the performance turning point of Option c) and option a) is less than 15% user activation, with corresponding network resource utilization of 6% for Option c) and 16% for option a). Obviously, benefit of Option c) decreases with increasing network resource utilization and increasing data packet size; this is due to growing collision loss.
Note: Non-orthogonal multiple access and advance receiver may further boost benefits of grant free type of Option c).
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Figure 1 Efficiency comparison of Option c) and option a)
Observation 1: Option c) is beneficial to transmit infrequent small data for signalling and latency reduction, UE power saving.
Proposal 1: Option c) should be supported for infrequent small data transmission.
Procedures of Option c)
4 sub-options are designed for Option c), as illustrated in Figure 2:





1-1)                                 1-2)                                 1-3)                                  1-4)

Figure 2 4 procedure sub-options of Option c)

Option 1-1): 0-step before data transmission, no RACH
Option 1-2): 2-step before data transmission, conventional physical channel for RACH
Option 1-3): 2-step before data transmission, redesigned physical channel for RACH
Option 1-4): 4-step before data transmission
Analysis of above four sub-options is described in following table:
Table 1 Analysis of sub-options for step 1 of Option c) procedure
	
	Option 1-1)
	Option 1-2)
	Option 1-3)
	Option 1-4)

	RACH?
	No
	Yes
	Yes
	Yes

	Contention Resolution
	Could be done at step 2 with UE ID attached
	Could be done at step 4 with UE ID attached
	Could be done at step 4 with UE ID attached
	Could be done at step 4 with UE ID attached

	Grant Size?
	Smallest
	Smaller
	Small to Medium
	Small to Medium

	How Many RRC Message?
	0
	0
	0
	0

	HARQ/ARQ?
	No HARQ, No ARQ
	HARQ, No ARQ
	HARQ, No ARQ
	HARQ, No ARQ

	UE identification (authentication/context fetch)
	ID transmitted accompanying UE data, 
ID message may include further information for authentication,
No context fetch

	U-plane configuration
	Pre-configured grant-less radio resource
	
	Redesigned physical channel for RACH
	


As described in chapter 2.1 and illustrated in Figure 2, RRC signalling is not essential for Option c) and UL small data will be transmitted more like a MAC PDU. 0 RRC message is good for low latency and low overhead.
Proposal 2: No RRC message is required in the procedure of Option c).
Normally, ARQ happens after multiple times of HARQ failures. For a small data packet transmitted by low MCS level, multiple times of HARQ failures rarely happen, unless UE is already out of coverage of serving TRP. Therefore, it is more practical to re-select a serving TRP and to start new transmission, especially considering the very slim signalling interaction of Option c). Moreover, since no RLC ARQ can be applied to a MAC PDU, it can be complex to apply ARQ on Option c). 
Proposal 3: For Option c), ARQ is neither required nor feasible for data transmitted.
As observed in Table 1, different procedure sub-options of Option c) support differentiated grant sizes: 
1. For option 1-1), if by contending a fixed size of grant-free radio resources, increasing packet size means decreasing number of resources, and exponentially increasing collision chances. This sub-option is least likely to carry large data packet.  
2. For option 1-2), without knowledge about UE and size of resource it requests, large grant size would possibly lead to low resource utilization. 
3. For option 1-3) and 1-4), by help of UE requesting buffer size, appropriate size of resource can be granted to the UE. However, the grant size also needs to be controlled. Since without RRC connection and selection of optimal channel configurations, system throughput can be noticeably degraded with large-size low-MCS radio resource utilization.
And naturally, with different steps for procedure of Option c), the different sub-options result in different data transmission latency.
Proposal 4: Evaluation criterion should be determined for down-selection of procedure sub-options for Option c), e.g. grant size and transmission latency.
Conclusions
In this paper, we have discussed when and how to utilize Option c) for UL data transmission in new UE state. Following conclusions are achieved:
Observation 1: Option c) is beneficial to transmit infrequent small data for signalling and latency reduction, UE power saving.
Proposal 1: Option c) should be supported for infrequent small data transmission.
Proposal 2: No RRC message is required in the procedure of Option c).
Proposal 3: For Option c), ARQ is neither required nor feasible for data transmitted.
Proposal 4: Evaluation criterion should be determined for down-selection of procedure sub-options for Option c), e.g. grant size and transmission latency.
Proposal 5: Capture chapter 2.1 in Annex of TR 38.804 as performance comparison for different Options.
Proposal 6: Capture chapter 2.2 in chapter 5.5.2 of TR 38.804 as procedure of Option c) for further study.
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Load and Packet Size Aware Transmission

Option c): Packet Size 20 Byte

Option a): Packet Size 20 Byte

Option c): Packet Size 40 Byte

Option a): Packet Size 40 Byte

Option c): Packet Size 60 Byte

Option a): Packet Size 60 Byte

Option c): Packet Size 80 Byte

Option a): Packet Size 80 Byte


