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Introduction
This document aims to summarize the following email discussion: 
[96#31][NR] UL data in inactive solution B (Ericsson)
	To capture detail of the solution for sending UL data with RRC signalling in inactive state with/without transition to connected. Focus should be on the RAN2 aspects and to be as independent as possible of the Phy layer mechanism that is used. The solution should address the questions identified at the last meeting.
	Intended outcome: Email discussion report
	Deadline: Thursday 05/01/2017

The aim of the discussion is to capture details of the so called solution B where a UE can transmit data in RRC_INACTIVE as part of the RRC procedure that enables the network to either trigger an RRC state transition from RRC_INACTIVE to RRC_CONNECTED as in LTE (e.g. in the case of frequent and/or large payloads and/or subsequent DL transmissions) or let the UE remain in RRC_INACTIVE. Although this has been called solution B (in contrast to solution A, where RRC signalling is not used), different variants have been proposed in various contributions such as [1], [2], [3], [4] and [5].
Discussion on use cases and requirements
Discussion on use cases
In order to progress the study on small data transmission, companies in RAN2#95-bis have agreed on the following: 
1a	We need to discuss and determine the use case for data transmission

In RAN2#96 there has not been any discussions about use cases, although some contributions touched upon that topic such as [6], [7] and [8]. 
In LTE, both mobile broadband (MBB) and MTC-like use cases (such as NB-IoT) were considered relevant as use cases for small data transmission. In NR, it seems  most of the companies agree that the solution for small data transmission should be designed in a generic way (i.e. service-agnostic) such a way that it is possible to support an even higher diversity of use cases / applications with different traffic patterns such as i) small UL payload generating no DL data (acknowledged to be an unusual type of traffic), ii) small UL payload with small  DL payload (acknowledgement), iii) small UL payload with application layer DL acknowledgement triggering additional UL and/or DL transmissions etc. In addition, these small UL payload data can either be frequent or infrequent such as the DL responses.
In NR, it has also been agreed that the same technical framework should be aimed to address the different use cases such as URLLC, eMBB and mMTC. Therefore, it is very reasonable that these use cases should benefit from a standardized small data transmission solution.
Companies are welcome to express their views on the applicability of a single solution for small data transmission in inactive state that addresses a wide variety of applications / traffic patterns associated to URLLC, eMBB and mMTC use cases.
	Company
	Comments (agree/disagree with reasons if any)
	Follow up comments

	Nokia
	We agree that solution should be generic and flexible. Targeted use cases should not be limited although more focus should be given to eMBB due to plenary prioritization e.g. we should not aim for optimizatino only valid for MTC. 
	

	Intel
	We share the view that from the RAN level, the solution to efficient exchange small data packets should be service agnostic. 
	

	Samsung
	It is desirable to have single solution catering to different service requirements. Nevertheless, it should be noted that mMTC scenario has been deprioritized by RAN plenary. Hence, we might need to consider only URLLC and eMBB for first phase study.
	

	Fujitsu 
	We agree that the different use cases should benefit from a small data transmission solution. 
Meanwhile, we will have no optimization only for mMTC considering the deprioritisation.
	



In the particular case of mMTC, [6] and [7] explicitly brought up the fact that NB-IoT already discussed data transfer procedure in RRC_IDLE keeping UE context and pointed out the down-prioritization decision from RAN plenary [9]. 
	“The following studies are not included in the target content for Rel-15 without changing the scope of SID and postponed until March 2017
- mMTC features” 



Hence, it has been proposed in [7] that the requirement and design of data transfer in inactive state can be studied excluding mMTC service at least for first phase of NR. Companies are welcome to provide their views on that proposals and, in general, how RAN2 should address the fact that mMTC features have been down prioritized in the RAN plenary for the first phase of NR.
	Company
	Comments (agree/disagree with reasons if any)
	Follow up comments

	Nokia
	As said we should aim for generic solution – that should work for mMTC as well although may not be especially optimized for it though.
	

	Intel
	As explained in previous question, as a baseline the solution B should be service agnostic.
	

	Samsung
	We agree to consider only URLLC and eMBB, which should not be construed that a solution shall not intentionally work with mMTC. As pointed out by Nokia, it can mean that we do not consider any specific optimizations for mMTC.
	

	Fujitsu 
	See the comment to previous question.
	



Discussion on latency requirements
In order to progress the study on small data transmission, RAN2 has also agreed on the following: 
1b	Determine the latency requirements from the RAN TR that apply for the "new state".

The RAN requirements for "low delay" can be understood as the statement from TR 38.913 that "Control plane latency refers to the time to move from a battery efficient state (e.g., IDLE) to start of continuous data transfer (e.g., ACTIVE). The target for control plane latency should be 10ms. [10]" It seems to be the understanding of most of the companies that the CP latency should be the time between a transition from RRC_INACTIVE to RRC_CONNECTED e.g. [6] and [7].
For the particular case of small data transmissions, the TR defines the latency as "the time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point at the mobile device to the radio protocol layer 2/3 SDU egress point in the RAN, when the mobile device starts from its most "battery efficient "state". In the TR, the only formal value is 10 seconds on the uplink for a 20 Bytes application packet (with uncompressed IP header corresponding to 105 Bytes physical layer) measured at the maximum MCL (164dB)", i.e. for edge of coverage. 
There is no formal requirement for scenarios with good radio conditions, however it seems preferable that the delay for small data transmission (where "small" is as defined above) is kept as small as possible, and certainly not much higher than the "control plane latency" + the "user plane latency" (0.5ms for URLLC and 4ms for eMBB).
Companies are welcome to provide their views on the latency requirements and, in particular, to the case of small data transmission in RRC_INACTIVE.
	Company
	Comments (agree/disagree with reasons if any)
	Follow up comments

	QUALCOMM
	· 10 seconds for edge of coverage.
· to define more strict latency requirement for good coverage.
	We prefer to define the latency requirement for the small data transmission in RRC _Inactive from the user plane data point of view as “from the time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point at the mobile device to the radio protocol layer 2/3 SDU egress point in the RAN, when the mobile device starts from its most "battery efficient "state".”

	Intel
	As it was indicated above and in previous email discussion [95#28], it is reasonable that the latency for a small data transmission is no higher than “control plane latency” + “user plane latency” (0.5ms for URLLC and 4ms for eMBB).
	

	Samsung
	As a starting point, we are Ok to adopt performance requires defined in TR 38.913, i.e. 0.5ms for URLLC and 4ms for eMBB for good radio conditions.

	

	Fujitsu 
	We agree with QUALCOMM.
	



Discussion of baseline solution: transition from RRC_INACTIVE to RRC_CONNECTED
The procedures described herein are based on that the assumption of a random access scheme similar to LTE. As pointed out in  [1], a similar message number as we refer it in LTE is used, i.e. Msg.3, Msg.4 and Msg.5. However, if a 2-step RACH were used, it would mean that the information that we propose sending on Msg. 3 should be sent in Msg.1, Msg.4 in Msg.2 and, Msg.5 in Msg.3 instead.
Baseline: 3 step RRC connection resume
It has been agreed in RAN2#95-bis that the 2 potential approaches for small data transmission in RRC_INACTIVE (later re-named solutions A and B in RAN2#96 - Reno) should be studied. These would have as baseline the full state transition from RRC_INACTIVE to RRC_CONNECTED and then transmit data [11]. Hence, since the purpose of the email discussion is to describe details of solution B it seems quite natural to start by describing a certain level of details of the baseline. 
Agreements from RAN2#94 [12] states that LTE RRC is taken as baseline for NR. Hence, it is assumed that an RRC procedure will be used to perform an RRC state transition from inactive to connected. In addition to that, it has also been agreed that in RRC_INACTIVE is assumed that the AS context is stored in RAN and the CN/RAN interface connection is assumed to be up. Therefore, the RRC procedure will be defined for resuming the RRC connection which was stored in the AS context (these characteristics are also part of the LTE enhancements from Rel-13 and Rel-14 light connection). 
As highlighted by several contributions [1][4][5][13][14][15], it seems natural to assume that the transition from RRC_INACTIVE to RRC_CONNECTED should have as baseline the LTE’s 3-step RRC procedure (i.e. Resume Request, Resume and Resume Complete), as shown in Figure 1. Note: it is worth reminding that this procedure has been the outcome of an effort to reduce the control plane latency and the signalling overhead in LTE, both common goals aimed for the solution on small data transmission in inactive state in NR.



[bookmark: _Ref470204859]Figure 1: 3-step RRC connection "Resume" (baseline).
As in LTE Resume procedure, a reasonable working assumption would be that the transition from RRC_INACTIVE to RRC_CONNECTED is done via a 3-step RRC procedure including a Request/Setup/Complete. The "RRC Connection Resume Complete" message and UL data could be multiplexed in Msg. 5.
2-Step RRC Conn. “Resume” with data sent after resuming
A first variant of the baseline proposed in [1] assumes that the Resume procedure is performed with two steps: RRC connection Resume Request and RRC Connection Resume (after that data can be transmitted). In that procedure, where data is still transmitted after the state transition from RRC_INACTIVE to RRC_CONNECTED, Msg. 3 contains the UE's request to resume the RRC connection, carrying at least the required information for the network to perform contention resolution, identify the UE and authenticate it. The Msg. 4 contains the resolution of the request to resume the RRC connection (based on the stored UE AS context), so that DL data could potentially be multiplexed along with Msg. 4.
A comparison between the 2-step vs.  the baseline approach shown in 3.1 is provided in [1] and in most of the cases the procedure and content of the messages are quite similar. Considering that even if the baseline is adopted data can also be multiplexed with Msg.5 potential benefits of the 2 step procedure needs to be further discussed especially considering that i) if Msg.3 cannot accommodate the full MAC-I, Msg.5 may be needed at least to enable full Integrity protection depending on SA3 requirements and ii) there could be other relevant purposes of Msg.5 that might also be necessary in NR (not discussed in the contribution).


Figure 2: 2-step RRC Connection “Resume” with data sent after resuming.
Companies are welcome to provide their views on the proposed variant of the baseline solution, in particular on the possibility to avoid the transmission of Msg.5, its potential benefits and drawbacks.
	Company
	Comments (agree/disagree with reasons if any)
	Follow up comments

	QUALCOMM
	The variant of baseline is preferred (2-step Resume)
	To transmit data traffic only in Msg 5 can bring more capacity for uplink small data transmission

	Intel
	We support the usage of this variant when the gNB can authenticate the UE upon "RRC Conn Resume Request" msg.3. 
	If the gNB require some of the information sent over "RRC Conn. Resume Complete" msg.5, this could be indicated to the UE upon "RRC Conn Resume" msg.4.

	Samsung
	In principle, it is possible to eliminate RRCConnectionResumeComplete message. 
	Even though it is possible to eliminate msg5, it should be noted that if msg4 changes physical channel configuration, we still might need msg5 as a confirmation that all the paramerers were applied correctly. So, presence/absence of msg5 can be dictated by other, more fundamental aspects.

	Fujitsu 
	It is possible for this variant so that more data is transferred in msg 5.
	



Discussion of data transmission in inactive state (Solution B)
In 3.1 and 3.2 the proposed RRC procedures aim to provide a fast transition from RRC_INACTIVE to RRC_CONNECTED before the UE can start transmitting data. In this section, solutions where the UE transmit data without performing a state transition are discussed.
In the particular case of solution B, it has been proposed to allow the UE to multiplex UL data with Msg.3 (Resume Request) and enable the network to either move the UE to connected mode or indicate that the UE should remain in RRC_INACTIVE [1][2][3][4][5]. A summary is shown in Figure 3.


[bookmark: _Ref470178461]Figure 3: UL data multiplexed with Msg.3
In more details, the procedure works as follows:
1. When the UE receives UL data/signalling, the UE transmits RA preamble (details on how the preamble is used to indicate something to the network will be taken later). 
2. The network responds with RAR containing TA and a grant. The grant is large enough to fit the RRC connection resume request message send on SRB0.
3. At this point the UE will prepare Msg. 3: RRC Connection Resume Request and perform the following actions:
a. Re-establish PDCP for SRBs and all DRBs that are established.
b. Re-establish RLC for SRBs and all DRBs that are established. The PDCP should reset SN and HFN during this step.
c. Resume SRBs and all DRBs that are suspended.
d. Derive a new security key (e.g. KeNB) possible based on NCC (provided before UE was sent to RRC_INACTIVE).
e. Generate encryption and integrity protection keys and configure PDCP layers with previously configured security algorithm.
f. Generate RRC Connection Resume Request message. The message will include a AS context identifier.
g. Apply the default physical channel and MAC configuration.
h. Submit RRC Connection Resume Request and data to lower layers for transmission. The RRC message can be integrity protected.
4. The RAN receives Msg. 3 and uses the AS context identifier to retrieve the UEs RRC context and re-establish the PDCP and RLC for the SRBs and DRBs. The RRC context contains the encryption key. 
5. Upon successful reception of Msg. 3, the RAN may respond with Msg.4 RRC resume message (assuming the context retrieval was successful). This transmission resolves contention and acts as an acknowledgement of Msg. 3. If UE loses the contention, then a new attempt is needed. If for some reason the RAN rejects the resume request the UE initiate a NAS level service request after some potential backoff time (FFS whether the procedure is supported in RRC_INACTIVE or a fallback to RRC_IDLE is necessary).
6. Upon successful reception of message 4 the UE can transmit Msg. 5 multiplexed with further UL data. It is also considered to be in RRC_CONNECTED. 
7. Alternatively, the RAN may respond with suspend indication so the UE remain in RRC_INACTIVE.

Companies are welcome to provide their views on the different steps of the solution described.
	Company
	Comments (agree/disagree with reasons if any)
	Follow up comments

	QUALCOMM
	Not agree with step 3b: 
“The PDCP should reset SN and HFN during this step.”

	The PDCP count has to be maintained unless it gets a new key – otherwise there is risk of replay attack.
So UE shall not reset SN and HFN in step 3.b


	Nokia
	Regarding QC comment on 3b – Doesn’t UE get new key at 3d with provided NCC and replay attack is not possible?

	

	Intel
	We suggest start focusing on the stage-2 details of the procedure and leave the stage-3 details FFS, considering that the agreements in other NR sub-topics might also need to be taken into consideration.

	The stage-2 details of the procedure shown on Fig.2 are:
=> For Msg. 3:
- The "RRC Conn. Resume Request" msg.3 contains at least the required information for the network to perform contention resolution, identify the UE and authenticate it.  
- This "RRC Conn. Resume Request" msg.3. can be multiplexed with UL data. 
- NOTE1: the eNB shall firstly authenticate the UE (which also requires finding the stored UE AS context) before been able to decode that UL data.
=> For Msg.4:
- The Msg.4 contains the contention resolution, to resume the RRC connection (based on the stored UE AS context), and potentially also the DL data and the indication to release or suspend the connection. 
- NOTE2: the UE shall decode the messages sequentially taken into consideration the processing order of the user plane data relative to the RRC messages (e.g. user plane data should be processed after the resume but before the release).

	Samsung
	This scheme can work in principle, but whether it is feasible or not will depend on other decisions, as pointed out by Intel.
	To our technical understanding, this scheme can be viewed as an extension of the scheme described in Figure 2, whereupon a UE sends both DCCH and DTCH data in the first transmission. 

	Fujitsu 
	In principle, the solution described above to allow the UE to multiplex UL data with Msg.3 can work. 
We agree Intel to focus on stage-2 work and leave stage-3 details, e.g. whether RRC connection resume request will be integrity protected and sent on SRB0 is FFS. 
	



In order to handle subsequent UL/DL transmissions, a variant of that procedure has been proposed in [2] where the network would be able to perform the contention resolution in Msg. 4 without sending an RRC response, as shown in Figure 4. In that case the UE could keep transmitting/receiving UL/DL data while remaining in inactive state, unless it receives an RRC indication to either move to connected or explicitly remain in inactive. That would still fall in the case of small data transmitted in RRC_INACTIVE since the UE would not run connected mode procedures such as beam management, measurement reporting, etc. 


[bookmark: _Ref470179718]Figure 4: UL data multiplexed with Msg. 3 and Msg. 4 solving contention resolution for sub-sequent transmissions. 
Companies are welcome to provide their views on the different steps of that variant.
	Company
	Comments (agree/disagree with reasons if any)
	Follow up comments

	Nokia
	This seems to valid approach- basically very same to solution A as well – In fact it is not so clear what is difference for msg3? Maybe that UE_ID is sent via MAC instead of RRC?
	

	Intel
	We are ok with current flow understanding that the procedure is similar to the one shown in Figure.3 above, extended to support further UL and DL data transmission using: the (1) the flow shows an scenario where further data is sent after Msg.4 (and therefore the "RRC Conn. Release" msg. is not sent immediately with the msg.4) and (2) how upon msg.3, the UE also indicates BSR for the eNB to know that further UL data requires to be sent (which would require keeping the UE in connected).
	

	Samsung
	
	This scheme can be indeed viewed as an extension of what Figure 2 and Figure 3 present. The delta is that a UE can send more data after MSG4, if MSG3 cannot convey what a UE has.



Responding the design questions for solution B
Input for these questions have been provided in [1], [2], [3] and [16].
How DL acknowledgement is handled (both on RLC and HARQ level and on application layer) and how DL data is handled?
To ensure reliability, it is quite likely that acknowledgement of UL transmissions should be provided on many layers e.g. HARQ, RLC, TCP and application layer. If the UE would remain in RRC_INACTIVE after UL transmission these acknowledgments would trigger paging, which could lead to significant inefficiencies and/or delays.
DL data or application acknowledgements arriving prior to the network indicating that the UE can remain in RRC_INACTIVE can also be delivered in an efficient way since the UEs RRC context is active. DL HARQ feedback can be naturally supported as in LTE. For RLC acknowledgement, the gNB needs to schedule DL transmission for the UE and send the RLC STATUS PDU [2] [16]. 
DL data in response to small UL data transmission arriving after the network has send Msg. 4 indicating the UE remain in inactive state, would be handled by paging. In order to further optimize these cases, the UE could be configured with additional Paging Occasions (POs), possibly more frequent and only valid within a certain time window, to be used right after the network send Msg. 4 after the small data transmission [16].
Companies are welcome to provide their views on the way the solution handles DL acknowledgements, including the possibility to configure the UE with additional paging occasions to handle DL packets that arrive after the network has sent the RRC response to the UE (remain in inactive state).
	Company
	Comments (agree/disagree with reasons if any)
	Follow up comments

	QUALCOMM
	How fast the network can respond msg4 RRC resume message depends on the Xn context retrieval latency. 
	There shall be a Xn context retrieval latency requirement of this .

	Intel
	As we explained in our response to question of Fig.4, DL data can be sent after msg.4. At that point, the UE is considered RRC_CONNECTED and may use connected mode features that were configured (e.g. C-DRX or SPS). 
If further optimizations are seen necessary, this could be FFS (e.g. monitor POs as it is suggested in the text above).
	

	Samsung
	In principle, HARQ ACK/NACK transmission can be supported in the same way as it is supported today for LTE when MSG3 is transmitted. Also, since a UE is expected to continuously monitor the DL PDCCH channel once it sends first UL packet, DL RLC ACK/NACK messages can be scheduled normally when a UE still listens to the DL channels.
	



How to decide when to use small data transmission (Solution B) rather than move to connected and then transmit data? how potential subsequent transmissions and/or “large data” is handled, requiring transition to “full connected state”?
It has been proposed a scheme where the UE can be configured by the network (e.g. when the RRC connection is suspended) with event(s)/threshold(s) to define whether the UE can transmit UL data in inactive state (solution B, including variant) or transit to RRC active state directly [2]. These events/thresholds would be configured based on i) MAC buffer size and/or ii) received signal strength, such as RSRP. If RSRP is stronger than a pre-configured threshold, relatively larger data can be transmitted with Msg. 3. In the proposed scheme there can be buffer size thresholds: for identifying amount of data inserted in Msg. 3 and the other one for RRC state transition to full connected (active) state. As part of the scheme the UE could indicate the intention of data transmission in Msg. 3 based on the previously configured thresholds using Msg. 1 e.g. by sending in a pre-configured time-frequency-sequence resource [2] and/or using some scheme based on preamble partitioning [16] so that the network can assign appropriate UL grant for the Msg. 3. Based on these input the network can provide the appropriated UL grant and define whether the UE should be moved to connected and/or remain in inactive state. 
Companies are welcome to provide their views on the proposed scheme.
	Company
	Comments (agree/disagree with reasons if any)
	Follow up comments

	Nokia
	We don’t think there needs to be explicit configuration if transmission is allowed or nto but it is merely controlled by grant size given by the NW. If the grant can fit data after ensuring all the mandatory information is included then it can be sent.
	

	Intel
	- NR design shall support transmission of larger Msg.3 to also multiplex data when this could be beneficial for small data transitions. However this might not be a required scenario for all UEs. therefore the network should differentiate e.g, via RACH which size is requested for Msg.3.
	- RAN1 input will be needed to define allowed UL grant sizes for msg.3.
- It could be considered some form of indication for the gNB to know when there is no more UL data foreseen (similar to the early release indicator) or when the UL data in the buffer is less than a given threshold.

	Samsung
	MAC buffer size criteria can be used to decide if data can be transmitted in inactive mode or should UE transition to connected mode.
	

	Fujitsu
	There are two different issues: 1) what’s the size of UL grant for msg.3; 2) How to decide when to use small data transmission (Solution B) rather than move to connected and then transmit data.
	For issue 1), RA resource/preamble partitioning can be used to notify whether there is available data in UE or not. 
For issue 2), event(s)/threshold(s) to define whether the UE can transmit UL data in inactive state (solution B, including variant) or transit to RRC active state can be used. Alternatively, UE can transmit UL data in RRC inactive state and the network decides whether the state transition to RRC active state is needed based on buffer size information provided by UE.



In addition, depending on further conditions (such as additional thresholds associated to MAC buffer size), the UE can send data with Buffer Status Report (BSR) and possibly filtered CQI feedback in Msg. 3. Similar schemes have been proposed both in [2] and [16]. Based on these input the network can provide the appropriated UL grant and define whether the UE should be moved to connected and/or remain in inactive state.
Companies are welcome to provide their views on the proposed scheme.
	Company
	Comments (agree/disagree with reasons if any)
	Follow up comments

	Intel
	As it is explained in previous question, we are ok with sending this kind of information upon msg.3 or even afterwards (while in connected).
	

	Samsung
	We agree with a principle that based on the BSR content the network can allocate more UL grants allowing a UE to send more data in INACTIVE. Whether we need CQIs or not should be discussed, because if a UE sends CQIs then the resulting behaviour is identical to the CONNECTED mode operation.
	



Another potential enhancement, discussed in [16], addresses the scenario where new UL data arrives in the UL buffer after it has been emptied using the grants provided and before the network has sent the RRC response in message 4. In that case the UE could send a Scheduling Request (SR) so the network can then decide to put the UE in RRC_CONNECTED. It should be noted in this scenario that the optimized mechanism should be used for infrequent transmissions hence, a UE could be configured with a timer to control how data arriving in the UL should be transmitted. The timer can be triggered when the UE transmits an UL message with the RRC Resume Request and, if the UE has more incoming UL packets these should be buffered until the timer expires to be transmitted in RRC_INACTIVE again with message 3 and/or transmitted when the network moves the UE to RRC_CONNECTED, if that occurs before the timer expires. In addition to the configured timer, network implementations could figure out how often small UL data is being transmitted by the same RRC_INACTIVE UEs and possibly move then to RRC_CONNECTED.
Companies are welcome to provide their views on the proposed timer-based scheme.
	Company
	Comments (agree/disagree with reasons if any)
	Follow up comments

	Intel
	The stage-3 details could be further discussed. 
	The main stage-2 points are to define (1) a mechanism for the UE to indicate the gNB when no more UL data is there (upon msg.3 or later), and (2) a mechanism to restrict the frequency by which the UE could send this kind of UL indication.

	Samsung
	It is not clear how timer functionality can be implemented. Long timer value may allow UE to return to sleep mode but results in increased latency. While, short timer value may not allow UE to return to sleep state, hence increasing the power consumption.
	

	Fujitsu 
	We believe that network could configure how often small UL data can be transmitted by the same RRC INACTIVE UEs. But the timer mechanism described above should be FFS.
	Regarding the timer mechanism, as stated, if the UE has more incoming UL packets these should be buffered until the timer expires to be transmitted in RRC_INACTIVE again with message 3. We understand BSR trigger mechanism can implement this functionality.
On the other hand, if the UE has more incoming UL packets these should be transmitted when the network moves the UE to RRC_CONNECTED, if that occurs before the timer expires. We think it is feasible if the network can provide the appropriate value for the timer.



How contention resolution (e.g. RACH collisions) is handled?
RAN2 needs to define a contention resolution scheme for the transition from RRC_INACTIVE to RRC_CONNECTED state. It is then proposed to reuse the same mechanism for the small data transmission in inactive [1][2][3] to minimize the doubled efforts in the standardization process.
In the solution presented in Section 3 for the baseline, contention resolution is performed in Msg. 4 (see Figure 1). The proposed solution for small data transmission in RRC_INACTIVE state also follow the same solution i.e. contention resolution in Msg. 4 (Figure 3). The same is also valid for the variant of Figure 4 where Msg. 4 does not contain an RRC response. Note: in the case of a two-step RA procedure, contention resolution would be in Msg. 2.
Companies are welcome to provide their views on the proposal for contention resolution.
	Company
	Comments (agree/disagree with reasons if any)
	Follow up comments

	Intel
	We agree that the contention resolution is done on msg.4 
	

	Samsung
	If the 4 step RACH procedure is assumed, then contention resolution is done after MSG4.
	



How the potential overload and congestion is handled in initial access (like RACH)?
Any solution for data transmission without entering RRC_CONNECTED is in fact opportunistic since the UE attempts to transmit data prior to being properly verified in the network. The UE would need to use a configuration either received when it was last connected or from system information. Some risk with such opportunistic solutions are the risk for high load from multiple UEs attempting to send data at the same time and the risk for low resource efficiency either due to that too many Ues are attempting and there are collisions or due to that too few Ues are using the resources.
For the reasons above it is critical that the RAN has control over the usage of opportunistic transmission to control the resource usage and efficiency. In the state transition from RRC_INACTIVE to RRC_CONNECTED, the UE may be subject to Access Class Barring (ACB) before establishing connection. In addition, the UE may provide some establishment cause, which can be used to reject the connection attempt [16].
Companies are welcome to provide their views on access control when small data transmission in RRC_INACTIVE is used.
	Company
	Comments (agree/disagree with reasons if any)
	Follow up comments

	Nokia
	At least at this point of time we should not outrule usage of ACB and possibly NW utilizing establishment cause for further prioritize DRB setup and UE handling.
	

	Intel
	We agree that barring mechanism is needed.  It might be better to discuss the NR access congestion preference at RAN level for all 3 RRC states: CONNECTED, IDLE and INACTIVE.
	It prefer to define a common NR access congestion control applicable for all UE (regardless their NR RRC state).

	[bookmark: _GoBack]Samsung
	We agree with the principle that some barring mechanism is needed.
	As discussed and pointed by companies, it would be nice to have a common barring mechanism, but this is a separate discussion.

	Fujitsu
	We agree that access control mechanism can apply for UE in RRC INACTIVE.
	In another separate Access control discussion, we can propose this requirement that the access control mechanism can be applicable for UE in RRC INACTIVE state.



How is the UE context located and identified in the network (e.g. based on UE context ID)?
In the state transition from RRC_INACTIVE to RRC_CONNECTED the AS context should also be located and identified in the network based on an AS context ID (i.e. Resume ID in the baseline). It is FFS whether the format of the AS context ID can be the same as in LTE or not. For the procedure, the same one used in the baseline should be used without the need to define any additional UP functions.
Companies are welcome to provide their views.
	Company
	Comments (agree/disagree with reasons if any)
	Follow up comments

	Intel
	We share the view described i.e a form of ID which contains bits to uniquely identify the UE and the last gNB where the UE AS context is stored (similar to resumeID in LTE). Details and its relation with the LTE one should be FFS for now.
	

	Samsung
	It is clear that some ID is needed, but whether we can re-use C-RNTI, or have another ID, depends on the overall system design.
	As an example, if we introduce RAN paging area unique xx-RNTI similar to C-RNTI, then one ID should suffice. Otherwise we might needed something similar to RESUME ID in addition to cell specific C-RNTI. 




How to ensure that only the right UE is using the UE context meaning the UE need to provide some proof of having the right UE security context?
This also should be ensured for the baseline state transition from RRC_INACTIVE to RRC_CONNECTED. Therefore, one can simply use the same procedure for small data transmission. No UP functions need to be defined for this. UP data will be encrypted and possibly integrity protected if required.
Companies are welcome to provide their views.
	Company
	Comments (agree/disagree with reasons if any)
	Follow up comments

	Intel
	Some form of MAC-I, which is sent in RRC msg.3, could be used by the gNB to authenticate the UE. It is up to SA3 whether short MAC-I or other kind of information is used to authenticate the UE.
	

	Samsung
	UP and security details are not fully finalized yet, but we are Ok with the assumption that whatever solution is adopted for the baseline transmission, same solution should be also applicable to data transmission in INACTIVE.
	



How the AS state is updated and maintained in the network (incl. security keys, NCC, sequence numbers)?
This also should be ensured for the baseline state transition from RRC_INACTIVE to RRC_CONNECTED and same solution should be used. In case the network decides to allow the UE to remain in RRC_INACTIVE the network can provide the UE with update AS info in Msg. 4 (e.g. new NCC). The use of explicit signalling in both directions ensures synchronization of the AS context between the UE and the network.
Companies are welcome to provide their views.
	Company
	Comments (agree/disagree with reasons if any)
	Follow up comments

	Intel
	In principle ok, however if a hand-shake might be preferred after the security is updated upon msg.4.
	

	Samsung
	
	In general, answer to this question depends on more fundamental aspects that should be clarified first.




How the user plane (e.g. DRBs) should be configured for sending the data?
This needs to be studied further regardless of the solution. Potentially the UE can use previous DRB configuration or some default configuration. This is the same as for any other contention based approach in inactive. In cases the target RAN node is not able to use the same configuration the data will need to be re-sent using new configuration (e.g. provided in the resume message).
Companies are welcome to provide their views.
	Company
	Comments (agree/disagree with reasons if any)
	Follow up comments

	Intel
	ok in general with the main idea
	

	Samsung
	A UE can use previous DRB configuration if it remains valid for data transmission. Otherwise, UE can use default DRB until it receives new DRB configuration.
	




Relation to existence of contention based (RACH less) channel i.e. whether there is RACH, if so whether it is 2-step or 4-step (there could be 3 options)?
The state transition signalling should possibly benefit from that and the proposed solution is independent on the existence of such a channel. If such a channel is defined it could also be used for initial UL data transmission in conjunction with initial RRC message (e.g. multiplexed on MAC layer).
Companies are welcome to provide their views.
	Company
	Comments (agree/disagree with reasons if any)
	Follow up comments

	Nokia
	We agree – solutions should be agnostic of availability of 2/4-step RACH
	

	Intel
	ok in general with the main idea
	

	Samsung
	In general, 2-step RACH procedure has been deprioritized by RAN plenary. However, our technical view is that 2-step RACH mechanism can be construed as the orthogonal topic to this discussion. If it is feasible, then it can reduce resulting delay.
	

	Fujitsu 
	We also agree that 2-step or 4-step RACH procedure is an independent issue with UL data transmission in RRC INACTIVE state.
	




Whether 0, 1, 2 or 3 RRC messages are used (from latency and overhead perspective, less messages could be better)?
It is our understanding that what really matters is the latency caused by potential round-trip times (RTT) before data is transmitted and the amount of overhead in the number of bytes regardless if that is carried within RRC messages or not. We do not foresee that there would be significant extra overhead using RRC since essentially the same information would anyway need to be exchanged for any solution (i.e. same size identifiers, keys, etc.).
In addition, an RRC based solution is more future proof since one may need to introduce in future releases additional information for further optimizations instead of yet defining a completely different solution.
Companies are welcome to provide their views.
	Company
	Comments (agree/disagree with reasons if any)
	Follow up comments

	Nokia
	It should also be highlighted that RRC message is easier to maintain than expand MAC Ces. So it might be good to use RRC message for future proofness.
	

	Intel
	ok in general with the main idea
	

	Samsung
	We agree that RRC based solution would be more future proof.
	

	Fujitsu 
	We have concerns on latency caused by constructing RRC message including e.g. applying integrity protection.
	




Which tasks does the UE perform, e.g. RLM, CSI/RRM measurements, etc. at each step.
It has been agreed that a minimum power consumption should be one aspect of any solution for small data transmission. As shown in Section 4, the UE does not enter RRC_CONNECTED until it receives the RRC response from the network (Msg. 4). Therefore, in any of the proposed variants the UE behaves as in RRC_INACTIVE and does not perform any procedure requiring higher power consumption such as RLM, CSI-RS processes, beam management, etc. Hence, the battery consumption is kept to the minimum and there is no difference compared to potentially different solutions claiming to improve battery consumption. More on battery consumption for Solution B is discussed in Section 6.2.
Companies are encouraged to provide their views.
	Company
	Comments (agree/disagree with reasons if any)
	Follow up comments

	Nokia
	We assume UE makes reselection measurements while in INACTIVE but once in CONNECTED it starts to follow measurement configuration given to UE.  If reselection is required by UE during ongoing data transmission it can be seen basically as currently RLF in LTE CONNECTED.  So generally we assume data transmission in RRC_INACTIVE does not impact UE measurement activities in RRC_INACTIVE.
	

	Samsung
	In general, we agree with the principle that all power consuming actions should be avoided and minimized. One of the most power consuming aspects is UE UL transmission, so we do not expect a UE to send CQI feedback in this state. However, as for the DL related operations, we are not sure whether certain management functions, for instance beam management, can be fully omitted.
	



Whether the proposed solution would affect the coverage by deteriorating the success rate of   RRC signalling transmission.
If the solution affects the success rate of RRC signalling transmission, under the assumption that the overhead among solution is equivalent any kind of solution will not achieve the UL coverage necessary to transmit the small data. In other words, any kind of solution in such a UL coverage limited scenario should be avoided. In addition, that could be avoided by only considering the small data transmission with Msg. 3 under certain good RSRP conditions [2].
Companies are encouraged to provide their views.
	Company
	Comments (agree/disagree with reasons if any)
	Follow up comments

	Nokia
	This is up the NW to ensure that it utilizes appropriate coding/modulation.
	

	Intel
	We agree coverage issue is common for all solutions and use of RRC in itself may not work it worse provided RRC does not increase the size.  
	



Grant size, what are the supported sizes and how does the network determine the size to allocate?
How the eNB assigns the grant size for small data transmissions could be based on special set of preambles (a preamble partition) as in LTE to indicate a small data transmission [16][2]. The indication of small data transmission could mean that the UE expects some fixed (standardized) grant size.  However, it will be very difficult to have a fine granularity of the wanted grant size when indicating small data transmission with the preamble. However, the eNB may give grants depending on load where a larger grant is given in low load situations. Hence, there may be situations where the grant is less than the UE has expected (e.g. in high load) and the UE will need to segment the UP data and continue transmission upon reception of a new grant. Companies are welcome to provide their views.
	Company
	Comments (agree/disagree with reasons if any)
	Follow up comments

	Nokia
	Grant sizes should be flexible and variable due to vast amount of different scenarios NR needs to support. RAN2 should not design its solutions with fixed grant sizes.
	

	Intel
	ok in general with the main idea, understanding that between msg.1 and msg.2, the UE would need to get the information on the UL grant sized allocated for the msg.3 to segmented the UP data accordingly.
	

	Samsung
	We agree to the observations from other companies that UL grant size is decided and set by the network. If more uplink data is required to be transmitted, it can be transmitted after Msg3 with scheduled grants.
	

	Fujitsu 
	For each data transmission, the TB size is configured by network via preconfiguration or command
	



Performance: latency, overhead and UE power consumption
It has been agreed in RAN#95-bis that:
1: 	For any solution to send uplink packet, the latency, signalling overhead and UE power consumption, UE mobility shall be evaluated.
Latency
In solution B, small UL packets can be transmitted in Msg. 3 while the UE is in RR_INACTIVE state without performing a state transition to RRC_CONNECTED. That means that solution B does not introduce any additional latency possibly associated with RTTs from RRC procedures that could have been necessary to be exchanged before data could be transmitted.
Therefore, one can conclude that solution A (small data transmission in inactive without using RRC signalling) does not provide any latency benefit compared to solution B. One could potentially claim that the latency associated to the transmission of subsequent UL transmissions would be worse. However, if necessary, the variant shown in Figure 4 allows the UE to send/receive subsequent UL/DL packets immediately after contention resolution without entering RRC_CONNECTD. 
Companies are welcome to provide their views on the latency aspects of Solution B.
	Company
	Comments (agree/disagree with reasons if any)
	Follow up comments

	Samsung
	This question can be out of scope of this discussion. 
	In general, comparison of solution A and solution B is not the goal of this email discussion, premise idea of which was to capture more technical details for option B. Nevertheless, our technical view is that since option A does not have RACH/RAR messages, one can claim that it can ensure a lower latency. However, it is not clear how absence of the RACH phase will impact the resulting performance. If with solution A the first transmission has a proclivity to fail more often, then resulting delay accounting for all the retransmission can be comparably the same as with the solution B. This needs more analysis.  



UE power consumption
Some companies have claimed that Solution B would have lower power efficiency compared to a solution without RRC (solution A). However, as it has been discussed in [17], even the impact of the full RRC state transition overhead in the power consumption is marginal (compared to the impact of removing the duration of C-DRX). Hence, the impact of Solution B is even more irrelevant.
It has been argued that the benefits of data transfer in inactive state comes from avoiding RRC state transition. However, as shown in [17], removing the duration of C-DRX is main factor. Differently from what is claimed by some proponents of Solution A, the reduction of RRC state transition is marginal because the overhead (time duration) of RRC state transition (from inactive to active) is already optimized with suspend/resume procedures as shown in the baseline (see Section 3) [17] [6]. Companies are welcome to provide their views on the UE power consumption of Solution B and variants.
	Company
	Comments (agree/disagree with reasons if any)
	Follow up comments

	Samsung
	Comparing performance difference between Solution A and Solution B is out of scope of this email discussion.
	As noted above in 6.1, the fewer steps a UE has, the lower power consumption we can anticipate. However, as solution A does not have power ramp-up phase, a UE may resort for performing more retransmissions resulting in a high power consumption. A more detailed analysis is needed, ideally with accurate system level simulators.



Signalling overhead 
From an overhead point of view, the same information transmitted in Mgs. 3 is needed either in Solution A or Solution B. Therefore, there is no additional overhead that would be significant. The same is valid for the RRC response message, necessary in the many cases the UE would need to perform a transition to connected in Solution A. In addition, a solution relying on RRC signalling is more future proof as in future releases there could be further optimizations requiring additional information to be reported by the UE over Msg. 3 and/or pigged back over Msg. 4.
Companies are welcome to provide their views on the signalling overhead and power consumption aspects.
	Company
	Comments (agree/disagree with reasons if any)
	Follow up comments

	Samsung
	Comparing performance difference between Solution A and Solution B is out of scope of this email discussion.
	 In general, since solution B has the RACH phase, it can be viewed as more robust as a UE can perform UL power calibration and time adjustment. On the other hand, as solution B might involve more RRC messages, it might have a higher latency and signalling overhead.



Summary of the email discussion
There seems to be a common understanding that the applicability of the solution for small data transmission in RRC_INACTIVE should address a wide variety of applications associated to URLLC, eMBB and mMTC. All companies who commented also agree that the solution should focus more should be given to eMBB and URLLC due to the down prioritization of mMTC in the RAN plenary.
Concerning latency requirements, it was pointed out that the only formal value is 10 seconds on the uplink for a 20 Bytes application packet for edge of coverage. It was also agreed that there is no formal requirement for scenarios with good radio conditions although one group of companies have interpreted that the latency should be possibly no longer than the UP latency + CP latency, while another group of companies assumed that the latency should be possibly no longer than the UP latency. 
Proposal 1: The solution for UL small data transmission in RRC_INACTIVE should be service-agnostic, catering different service requirements (more focus should be given to eMBB and URLLC)

For the transition between RRC_INACTIVE to RRC_CONNETED, LTE Resume procedure has been considered as a starting point by the rapporteur (resume request, resume, complete). An optimization based on a 2-step procedure (resume request, resume) has also been presented and companies responding the email discussion seemed to be interested to study that possibility.
Proposal 2: Transition from RRC_INACTIVE to RRC_CONNECTED based on 3-step RRC procedure should be baseline and 2-step RRC procedure (resume request, resume) should be further studied. FFS study the impact of removing the “complete” message (e.g. in terms of security)

Concerning the stage-2 level of details for solutions B, regardless whether there will be a 2-step or a 3-step procedure, there is a common understanding that “RRC Connection Resume Request” (msg. 3) should contain at least the required information for the network to perform contention resolution, identify the UE AS context and verify that this is the right UE.
Proposal 3: Msg. 3 (“RRC Connection Resume Request”) should contain at least the required information for the network to perform contention resolution, identify the UE AS context and verify that this is the right UE

There seems to be a common understanding that the UE should be able to send the UL small data in RRC_INACTIVE encrypted. On the other hand, in the email discussion we have also identified the need to further discuss whether the UE should use the old keys or newly derived keys (thanks to previously received NCC during suspend) when it wants to transmit encrypted UL data in RRC_INACTIVE. It is also an open point whether the RRC message should be integrity protected or not. 
Proposal 4: UE should be able to encrypt the small UL data transmission transmitted in RRC_INACTIVE. FFS whether it is acceptable to use the old security keys used when the UE was in RRC_CONNECTED

There seems also to be a common understanding that the response message from the network (Msg. 4 / Resume) should contain the contention resolution (to possibly resume the RRC connection based on the stored AS context), possibly some response DL data and the indication to the UE to either keep its connection suspended or to resume. Hence, the following is proposed.
Proposal 5: Upon receiving the Msg. 4 response from the network (“RRC Connection Resume”) the UE should be able identify this is the right network, perform contention resolution and receive DL data and either remain in RRC_INACTIVE or resume its previously suspended connection i.e. moving to RRC_CONNECTED

There seems also to be a common understanding that the UE should be able to receive DL response data upon transmitting small data in RRC_INACTIVE, even without completely moving to RRC_CONNECTED. Therefore, the variant proposed in [2] should be further studied. On the other hand, in the case the UE remains in RRC_INACTIVE after the UL transmissions, late DL responses from application layer should be delivered via paging, which may cause delays. 
Proposal 6: DL transmissions/responses and subsequent UL transmissions after message 3 should be supported without the UE having to move to RRC_CONNECTED. FFS optimizations of DL responses upon receiving message 4 to suspend (e.g. additional paging occasions)

Companies seemed to assume that the RLC and ARQ acknowledgements for the small data transmission solution B would be handled in the same way as in the state transition from RRC_INACTIVE to RRC_CONNECTED, which follows the same principle as in LTE.
Proposal 7: HARQ ACK/NACK transmission can be supported in the same way as it is supported in LTE when MSG3 is transmitted (i.e. UE is expected to continuously monitor the DL PDCCH-like channel once it sends first UL packet, DL RLC ACK/NACK messages can be scheduled normally when a UE still listens to the DL channels)

It seems most of the companies agree that there could be some preamble/RACH based solution to indicate the network that the UE has UL data in buffer that would benefit from small data Tx scheme so that the network could possibly send a large enough grant (although a completely opportunistic scheme should not be precluded).
Proposal 8: UE should be able to indicate that at least it wants to transmit small UL data transmission in RRC_INACTIVE in Msg. 1 (if network configures). Additional info is FFS

Another aspect is whether the UE should be kept in RRC_INACTIVE or perform a transition to RRC_CONNECTED. Companies seems to agree that the UE could send in message 3 some indication that it should remain in RRC_INACTIVE and/or move to RRC_CONNECTED e.g. UL MAC buffer status.
Proposal 9: UE should indicate whether it wants to remain in RRC_INACTIVE or move to RRC_CONNECTED. FFS what is indicated e.g. MAC buffer related information

There seems to be a common understanding that the RAN should have means to control the resource usage and efficiency of the small data transmission in RRC_INACTIVE. For example, in the state transition from RRC_INACTIVE to RRC_CONNECTED, the UE may be subject to Access Class Barring (ACB) before establishing connection. In addition, the UE may provide some establishment cause, which can be used to reject the connection attempt.
Proposal 10: UE should be subject to access class baring in RRC_INACTIVE. FFS whether that is a common mechanism for RRC_INACTIVE and RRC_IDLE
Proposal 11: UE should be able to provide an establishment cause in Msg. 3, which can be used to reject the connection attempt

Concerning the UP configuration there needs to be further studied how the UE uses the previously acquired DRB configuration, previously suspended and resumed to transmit UL data, and/or a default configuration. 
Proposal 12: For small data transmission in RRC_INACTIVE the UE should use a previously acquired DRB configuration

Regarding the relation between the small data transmissions in RRC_INACTIVE and 2-step vs. 4-step RACH discussions, all companies seemed to agree that the solution should be agnostic of availability of 2/4-step RACH.
Proposal 13: The solution for small data transmission in RRC_INACTIVE should be applicable to either a 2-step or 4-step RACH design
Proposal 14: Capture the previous proposals in the TR














Proposals
Based on the summary provided in Section 7, the following is proposed:
Proposal 1: The solution for UL small data transmission in RRC_INACTIVE should be service-agnostic, catering different service requirements (more focus should be given to eMBB and URLLC)
Proposal 2: Transition from RRC_INACTIVE to RRC_CONNECTED based on 3-step RRC procedure should be baseline and 2-step RRC procedure (resume request, resume) should be further studied. FFS study the impact of removing the “complete” message (e.g. in terms of security)
Proposal 3: Msg. 3 (“RRC Connection Resume Request”) should contain at least the required information for the network to perform contention resolution, identify the UE AS context and verify that this is the right UE
Proposal 4: UE should be able to encrypt the small UL data transmission transmitted in RRC_INACTIVE. FFS whether it is acceptable to use the old security keys used when the UE was in RRC_CONNECTED
Proposal 5: Upon receiving the Msg. 4 response from the network (“RRC Connection Resume”) the UE should be able identify this is the right network, perform contention resolution and receive DL data and either remain in RRC_INACTIVE or resume its previously suspended connection i.e. moving to RRC_CONNECTED
Proposal 6: DL transmissions/responses and subsequent UL transmissions after message 3 should be supported without the UE having to move to RRC_CONNECTED. FFS optimizations of DL responses upon receiving message 4 to suspend (e.g. additional paging occasions)
Proposal 7: HARQ ACK/NACK transmission can be supported in the same way as it is supported in LTE when MSG3 is transmitted (i.e. UE is expected to continuously monitor the DL PDCCH-like channel once it sends first UL packet, DL RLC ACK/NACK messages can be scheduled normally when a UE still listens to the DL channels)
Proposal 8: UE should be able to indicate that at least it wants to transmit small UL data transmission in RRC_INACTIVE in Msg. 1 (if network configures). Additional info is FFS
Proposal 9: UE should indicate whether it wants to remain in RRC_INACTIVE or move to RRC_CONNECTED. FFS what is indicated e.g. MAC buffer related information
Proposal 10: UE should be subject to access class baring in RRC_INACTIVE. FFS whether that is a common mechanism for RRC_INACTIVE and RRC_IDLE
Proposal 11: UE should be able to provide some establishment cause in Msg. 3, which can be used to reject the connection attempt
Proposal 12: For small data transmission in RRC_INACTIVE the UE should use a previously acquired DRB configuration
Proposal 13: The solution for small data transmission in RRC_INACTIVE should be applicable to either a 2-step or 4-step RACH design
Proposal 14: Capture the previous proposals in the TR
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