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1
Introduction

At RAN2-103bis, new Rel-16 study on UE Capability Signaling Optimizationwas started.The objective of the study is to address [copy from SID]; 

- 
Optimizations of RAN procedures pertaining to the transfer of UE Radio Capabilites related information to RAN over the radio interface (RAN2), X2/Xn interface (RAN3) and to the Core Network over N1/S1 interfaces (RAN3).

The overall goal is to study mechanisms to reduce the signalling over Uu, CN-RAN, RAN-RAN interfaces as well as the processing load in RAN (taking into account how frequently those message transfers and corresponding processing occurs) working in collaboration with SA2.

The work is expected to proceed as follows:

-
RAN2 to study mechanisms to optimise the UE Radio Capability signalling over the air while addressing the limitations of radio protocol interface:

-
[to be discussed with higher priority] using UE capability identity (in coordination with SA2) and 

-
using other means (e.g. compression, segmentation). 

-
RAN2 to study and define the interaction between the above mechanisms and the signaling of UE Radio Capability mechanism over the radio interface specified as of Rel-15

-
RAN3 to study in coordination with RAN2 and SA2 means to reduce the signaling over CN-RAN and RAN-RAN interfaces.

In this document, we discuss the segmentation solution(s) to reduce size of capabilities.  

[103bis#29][NR/UE cap SI] UE cap segmentation TP (Ericsson) 


Create TP to capture the segmentation proposal and options (RRC, etc).


Intended outcome: Draft TP submitted to next meeting


Deadline:  Thursday 2018-11-01

In RAN2#103bis, following documents were submitted:

[1] R2-1815574
Segmentation-based solutions for UE capability signaling optimization
Ericsson
discussion
Rel-15
NR_newRAT-Core

[2] R2-1814191
Considerations on RRC segmentation
vivo
discussion
Rel-16
FS_RACS_RAN

[3] R2-1814603
Segmentation of UE Radio Capability information
HUAWEI TECH. GmbH
discussion
Rel-16
FS_RACS_RAN

[4] R2-1815005
Huge RRC message transmission
Apple
discussion
Rel-15
NR_newRAT-Core

The problem addressed with the new RAN SI can be summarized as (see also [1]): 

The maximum anticipated size for combined size of the E-UTRA, NR SA, and DC radio capabilities might be very large (several tens of kilo-octets). Currently the PDCP protocol limits the single-shot capability signaling to 8188 octets in E-UTRAN and 9000 octets in NR and it has been observed that UE with E-UTRAN capability only has reached such limit. With the addition of NR SA and DC capabilities, the total combined size is expected to increase several times and well exceed air interface limit. 

Even if RAN2/SA2 would introduce an ID based mechanism to reduce how often capabilities are transferred over air, it does not solve the fact that the capabilities need to be transferred over air sometimes, e.g., during the initial attach or when a new UE ID model is introduced. 
Currently, maximum PDCP SDU size sets the hard limit for capability transfer over air. It is very likely that there need to be means to transfer overall capabilities (full capabilities) over air and not relying on other means like storing them only in data-base.

2
Discussion of solutions
2.1
RRC level based segmentation
Contributions [1], [2] and [3] discusses segmentation of RRC messages. 
As discussed in [2], in LTE, ETWS and CMAS already have the behaviour called “segmentation”. In LTE, SIB11 can include a segment and the UE is assembling segments in the RRC layer. Similar approach was adopted to NR where SIB7 and SIB8 can include segments only for ETWS and CMAS, correspondingly. Then RRC performs assembly of segments (see subclause 5.2.2.4.8 of TS 28.331).
–
SIB7

SIB7 contains an ETWS secondary notification.
SIB7 information element
-- ASN1START

-- TAG-SIB7-START

SIB7 ::=                            SEQUENCE {

    messageIdentifier                   BITSTRING (SIZE (16)),

    serialNumber     BITSTRING (SIZE (16)),

    warningMessageSegmentType     ENUMERATED {notLastSegment, lastSegment},

    warningMessageSegmentNumber   INTEGER (0..63),

    warningMessageSegment               OCTETSTRING,

    dataCodingScheme OCTETSTRING (SIZE (1))         OPTIONAL,   -- Cond Segment1

    lateNonCriticalExtension        OCTETSTRINGOPTIONAL,

    ...

}

-- TAG-SIB7-STOP

-- ASN1STOP

Similarly, dedicated RRC signalling could be segmented. In the approach, the UE provides the capabilities in the pieces, each of having maximum size of 9000 bytes. Signalling flow diagram is shown in the picture above [3]:
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As discussed in [1], [3], the segmentation can be done in different levels.
1. The UE radio capability information is encoded as one message or top level information element as today[1]. This is then segmented into multiple parts in the bit level. In this approach, the eNB/gNB can only decode the complete capabilities after assembling all parts, rather than decoding each part of the message; 
2. UE radio capability information is encoded separately and carried by multiple messages or information elements (smaller than 8000 bytes).The eNB/gNB can decode every message including segmented UE radio capability information and can process it after it decodes successfully.
The pro of the first approach is that the capability structure remains same and the UE needs to construct capabilities only once. The pro of the second approach is that the network can decode parts of the capabilities before receiving rest. However, it can be that e.g. band combination or feature set size is already bigger than 8000 bytes, meaning that the new structure would be needed.

Question 1. Companies are invited to provide input on RRC level segmentation

	Company
	Comments

	vivo
	For the RRC level segmentation, we share the rapporteur’s view on the pros and cons part for the two approaches. We don’t have a strong view which one would be adopted but slightly prefer the first one by which the UE capablity is encoded as one message. We can just reuse the similar mechanism as today, by using some of the fields(e.g. segment type) and needs some re-explaination. Besides, we think the following could be considered:
· The RRC segment is applied in RRC layer, or can be applied in a sublayer between RRC and PDCP
· In addition to the above figure, both for RRC segment and the so-called PDCP segment, we are wondering how the UE/NW can know whether the NW/UE capable of the segment function, it may need some study.

	OPPO
	Generally we agree with the observation from rapporteur. In our understanding, the most attracting part of RRC level segmentation would be that each part of message could be encoded and decoded separately, and network would be able to decode each part separately. If we go for option 1, it seems the pros of RRC level segmentation is not so clear comparing with PDCP level segmentation.

	CATT
	We prefer the first approach. The eNB/gNB will generate the whole message after receiving all segments. If we go for the second approach, the eNB/gNB need to re-build the whole UE capability message which would introcude more complexity and low efficiency, e.g. to merge all optional IEs into one message and duplicate mandatory IEs for all segmented messages.
So we prefer the first approach. Further more, we think this approach can work together with other optimization solutions, e.g. UE capability ID based also can use segment approach when the ID is not known by network, or for compression case, it can be used after the message is compressed.

	Apple
	For RRC level segmentation, 
· For the format, we cannot just reuse the SIB7 format, since some IEs (e.g. messageIdentifier, serialNumber) are not applicable on the dedicated RRC message transmission. In our understanding, we can include the RRC Msg type, transaction ID, index (i.e. Nth segment) and count (i.e. total segment numbers) together with the RRC message segment. 
· For the order of segmentation and ASN.1 encoding/decoding, we prefer the first approach, UE encodes the RRC message and then performs the segmentation based on the encoded RRC message. 


	LG
	We need to consider some cases that multiple RRC signalling is segmented continuously. The second approach brings more benefits since the network can prepare or provide next RRC configuration after just receiving the first segmented RRC singaling. But the second approach also causes additional extra handling if one RRC message is segmented and transferred and another RRC message need to be transferred and segmented. We need new structure and new IEs for the second approach but the first approach may not much.

	Qualcomm Incorporated
	Agree two approaches are technically feasible.
Additional comment on the drawback of approach 2 is that it will be difficult to come up with a nice new message structure that is future proof so that each segment will never exceed 9kbyte limit, and yet does not result in a large number of segments having to be transmitted.

	Samsung
	We have some doubt on the second approach whether it can handle all the cases that are required to be handled. To have the study more focused, the first approach can be considered as the baseline.  

	Nokia
	Agree that the two approaches observed by rapporteur are valid and should be studied further.

	Intel
	We also agree that both approaches are possible. However, we prefer option#1, as it is not clear if we can get a signaling structure that aligns with segmenting at IE level.

	KDDI
	Agree two approaches are technically feasible.

We think that the second approach can be used for “fallback UE radio capability”. The legacy interfaces in the network side cannot always handle a large size container. To address it, vodafone proposes “fallback UE radio capability”in S2-1810755. The idea is that the network nodes manage two types of capability, “fallback UE radio capability” and “full UE radio capability”. With the second approach, first segment is used to carry “fallback UE radio capability”, second and subsequent segments are used to carry “full UE radio capability”. This approach is beneficial to keep the backward compatibility for the network side.

	Huawei
	In general we agree with the analysis above. 

The first approach is simple but may increase the latency, and the network only could start to decode the RRC message after receives all segments. It should be noted that the complexity for decoding one big message is much higher than decoding several small segments in term of needed buffer and latency.
The second approach could reduce the latency and decoding complexity but needs slightly more standardization efforts than option1. Note that opton2 doesn’t mean that a new structure is inevitably needed, instead we can use the current message structure and just split the supported band combinations and feature sets into different segments.

	MediaTek
	We agree with above analysis.

For segmentation at IE level, we share the concern with companies, how to do it is not straightforward.

For segmentation at bit level, we agree with Apple that SIB7 format cannot be reused directly. New RRC PDU format is needed along with new behavior design for segmentation/ reassembly in RRC.

	Ericsson
	Agree with rapporteur and comments by other companies. Currently preference for bit-wise segmentation.


Summary of question 1:

Companies agree that segmentation in the RRC level is feasible. Solution can be similar to SIB7 with some modification,
Segmentation can be done hard way in the bit level or softer way in the information element level so that each information element is smaller than 8000 bytes. Majority companies prefer the first approach (approximately 70% versus 30%).

Proposal 1 Capture RRC level segmentation in the TR. Capture both hard split (in the bit level) and softer approach where each segment can be understood by the network separately.
2.2
PDCP SDU level segmentation

In [4], segmentation PDCP SDU level is proposed. 
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Transmitting side:
1. PDCP segments the huge RRC message (i.e. RRC PDU) into multiple PDCP SDUs; 
2. The sizeof each PDCP SDU does not exceed 9000bytes;
3. The last PDCP SDU is tagged with end-marker in the corresponding PDCP PDU header.
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Figure-2. Concatenation on huge RRC message
· Receiving side:

1) PDCP receives and stores the PDCP SDUs;

2) In PDCP reception buffer, following the in-order delivery principle, UE will reassemble the RRC PDU from the first PDCP SDU to the last PDCP SDU tagged with end-marker. 

· In the example shown in Figure-2, SN#2 is the last received PDCP SDU amongst SN#1 to SN#3.

· Before receiving PDCU SDU with SN#2, UE does not deliver PDCP SDU with SN#1 to upper layer since it is not tagged with end-marker;

· After receiving PDCP SDU with SN#2, UE reassembles the RRC msg#1 from PDCP SDUs with SN#1#2#3;

3) UE delivers the reassembled RRC message to RRC layer, and delete the associated PDUs.

Question 2. Companies are invited to provide input on PDCP SDU level segmentation

	Company
	Comments

	vivo
	In our understanding, the so-called PDCP SDU segment is actually segmented in RRC layer, as the PDCP SDU already has the limited size. We have the following understanding/comments:
· How to decide the size of each segmenet? 9000, 9000 and the residual? Or leave it to NW/UE implementation.
· Network will configure the UE to use the new PDCP format, before which NW needs to know the UE is capable of RRC segment.One more message is foreseen.
· If the message doesn’t need to be segmented, the endmarker is 1.
· PDCP SN can be replaced by count value, to better avoid petential wrap around, also in current PDCP spec, count value is widely used for ordering, it’s better to keep it consistent.
Further discussion for the two approaches listed above may be needed.

	OPPO
	We think this solution is possible.
The difference between performing segmentation in PDCP SDU level and RRC level is which specification will be impacted. If we performs segmentation in PDCP SDU, then some modification is needed for PDCP header.

The pros is that it could be used for different SRB or even DRB, and the cons is that it would be impossible to decode each part of the segmentation separately.

	CATT
	If PDCP performs the segmentation, it would introduce new PDCP header and introduce reassemble scheme as rapporteur described above. We think the rapporteur’s solution is workable. Although this solution is possible, it is not preferred from our view, because it seems only SRB needs to support such segmentation, e.g perhaps only two types of RRC messages (e.g. UE capability, RRC reconfiguration messages) need the segmentation/reassemble function, but PDCP should check each SDU length which would reduce the handling effect. And to support this scheme and considering the legacy UEs, a new capability bit to indicate whether the UE supports such function in PDCP should be introduced in Msg5 and the network should turn on the function for this SRB in its initial configuration or reconfiguration. It would introduce addtional standard work.
So this approach is possible but not preferred.

	Apple
	The essential difference between RRC level segmentation and PDCP level segmentation is which layer carries the segmentation information. 
In PDCP level segmentation, it is to reuse the reserved bits in PDCP PDU header to carry the segmentation information. There is no additional signaling overhead introduced. And it can avoid the impact on RRC. 

	LG
	We don’t prefer to add inter-layer function to support RRC segmentation. By adding a few ASN.1 information or message type, RRC layer is able to notice the end point of segmented RRC messages. As mentioned above from CATT, it causes additional standarization work even though there may be more simple solution.

	Qualcomm Incorporated
	Agree this solution is techinically feasible.
Overall impact to PDCP processing is a concern. At least it should be clear that the solution is not applicable to DRBs. Agree with Vivo that it is not entirely clear how the segmentation is done with respect to the PDCP SDU size limit. Losing the reserved bit for this rather limited use case may be considered expensive.

	Samsung
	We agree that it could work but not sure whether it is a good approach. Our concern is that the solution wouldn’t be that simple. The basic principle of PDCP operation is that one PDCP SDU is mapped to one PDCP PDU. If we introduce PDCP level segmentation, the principle does not apply. As a consequence, PDCP operation should be redesigned, for which we don’t know how big the change would be.he  of PDCP operation is that one PDCP SDU is mapped to one PDCP PDU.  required to be handled. 


















	Nokia
	This is yet another approach to study and the difference to segmentation by RRC ist hat the PDCP has no visibility of the internal structure of what is being segmented.

	Intel
	We share concern with Samsung/Qualcomm/LG/CATT and others in that adding PDCP level of segmentation just for one (or possibly two) RRC messages might complicate PDCP operation (or atleast overload with unnecessary header processing). 

	KDDI
	We think there are two approaches, one is segmentation/concatination is done in PDCP layer, the other is in RRC layer. First RAN2 should compare two solutions pro/con.

	Huawei
	With this approach we do not see any obvious benefits compared with RRC level segmentation, but we see some more complexity and spec impact.

	MediaTek
	We agree this solution is technical feasible.

It is clear that the function of segment/reassemble >9Kbyte RRC signaling is new to our protocol stack. The difference of adding the new function to RRC or PDCP is probably on spec impact and future extension, we do not see performance difference. If there is concern on adding to existing sublayers, we can consider to add a simple sublayer between RRC and PDCP.

	Ericsson
	We share the concern by other companies that this approach bring quite much impacts on PDCP both in standards and implementation. It should be noted that E bit is already defined for other purposes.  


Summary of discussion point 2: Few companies consider PDCP level segmentation feasible and interesting for the study. However, many companies have concerns: It breaks the basic principle of having one PDCP PDU per SDU, complicates PDCP operation and bring additional processing overhead in PDCP.
Proposal 2 Due to limited to support, it is proposed to focus on RRC level segmentation instead of PDCP level segmentation.
2.3
Applicability of segmentation to DL messages

In the context of L1 configurations and email discussion 103#46 [5], it has been identified that also RRCReconfiguration message can increase over 9000 bytes in size. The following agreements were made:

Agreement

1: 
The reference for the RRC buffer size (size of the overall configuration in the UE as if the configuration was represented in a single RRC message) is defined in 38.306 as an absolute size in Kbytes
2
Starting point is that RRC buffer size is 45 Kbytes (implication of this value to be analysed and the number finalised at RAN2#104)

3
Support of larger than 9kbyte RRC messages can be considered in a future release.

It can be envisioned that the same solution of segmentation e.g. on RRC level can be also used for other messages. RRCReconfiguration is one example but also NAS message can be large in some scenarios.
Question 2. Companies views on applying segmentation to other RRC messages than capabilities

	Company
	Comments

	vivo
	We think it is beneficial to apply the same segment solution to both DL and UL, as there is already a clear necessity.The solution is unified and can be used for other RRC messages.

	OPPO
	We think it is beneficial to apply the segmentation soution to both DL and UL. Besides, we also think it would be beneficial to apply the segmentation for both RRC signaling and data.

	CATT
	The requirements are clear, the same solution can be used for DL message also. But since this SI is focus on UE capability signalling optimization, it is not required to capture this in the TR. But can be considered in the following WI.

	Apple
	It is clear that RRC reconfiguration has the same problem. We should apply the same segment solution on all the huge RRC messages.

	LG
	We also agree to apply the segmentation to other RRC signalling messages.

	Qualcomm Incorporated
	This can be considered.

Overall impact to UE implementation should be assessed, e.g. need of extending RRC processing time and the need of UE capability.

	Samsung
	The common solution applicable to both uplink and downlink should be considered. 

	Nokia
	We need to focus our attention to well-known issue of UE Capability size and then maybe we can see if this can be extended to other topics.

	Intel
	Agree that this can be used for DL as well. And as Qualcomm mentioned, we need to address the RRC processing time delay for both UL and DL.

	KDDI
	This can be considered.

	Huawei
	We are open to discuss the segmentation for RRC Reconfiguration, but the UE complexity need to be considered. For example we need to evaluate the increased latency for RRC Reconfiguration by using RRC segmentation comparing with using several delta RRC Reconfiguration

	MediaTek
	Agree that it is sensible to apply to DL as well. We also think the RRC processing time delay needs to be addressed.

	Ericsson
	Yes, same solution can be applied for DL and UL messages, depending on need.


Summary of discussion point 3: Majority of companies think that same segmentation solution be applied to both DL (Reconfiguration) and UL cases (UE capabilities). 
Proposal 3 Study to use RRC segmentation also for DL messages (mainly RRCReconfiguration). 
3
Conclusion

Based on the discussion in the previous sections we propose the following:
Proposal 1
Capture RRC level segmentation in the TR. Capture both hard split (in the bit level) and softer approach where each segment can be understood by the network separately.
Proposal 2
Due to limited to support, it is proposed to focus on RRC level segmentation instead of PDCP level segmentation.
Proposal 3
Study to use RRC segmentation also for DL messages (mainly RRCReconfiguration).


4 
Text proposals
6.2
Solutions using other means

Editor’s note: This section is intended to describe solutions using other means than UE capability identify. For each solution, sufficient description and analysis shall be captured.

6.2.1 Segmentation of capabilities
6.1.1.1
Description

This section describes the segmentation approach of UE capabilities. If the capability size is over 9000 bytes, then capabilities are segmented to smaller pieces.

6.1.1.2
Signalling for transfer of UE capabilities in segments

A signalling diagram to transfer capabilities in segments is shown in Figure XXX. In the first step, the eNB/gNB requests capabilities. The UE constructs capabilities and segments the capabilities to the pieces not exceeding the maximum PDCP SDU size. Segments are transmitted to the network by the lower layers. Once the eNB/gNB has received the segments, it recombines the segmented UE radio capability information.
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6.1.1.2
Segmentation structure
Segmentation at RRC level

In the segmentation of UE capabilities in the RRC level, for each segment, a type (e.g. notLastSegment, lastSegment) as well as a segment number is added. The RRC segmentation can be done in different ways as described below.

Option 1 “hard” split RRC Segmentation:
This approach is similar to ETWS/CMAS in LTE and NR. The total UE radio capability information is encoded as one structure (message or information element) similar to non-segmented case. This is then split into multiple segments in bits. The network can only decode the complete capabilities after assembling all parts, rather than decoding each part.
Option 2 “soft” split RRC Segmentation:
UE radio capability information is encoded separately in parts and carried by multiple messages or information elements (smaller than 9000 bytes). The network can decode and process every segment and combine the content after all the segments are received.

3
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