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1. Introduction

The operation of PDCP for MBMS has been discussed for the last RAN2 meetings. Some agreements on the issue have been reached that a PDCP entity could be shared by cells, and that UEs moving between cells sharing a PDCP entity do not establish new PDCP entity. With this, UE starts the header decompression in a new cell more quickly.
On the other hands, there are number of situations, where a UE establish new PDCP entity e.g. inter PDCP mobility and channel type switching. 
This contribution presents UE operations to minimize startup delay when it establishes new PDCP entity upon channel type switching or inter-PDCP mobility.

2. ROHC Header Compression in MBMS 

[image: image1]
ROHC header compression/decompression is performed between RNC/PDCP and UE/PDCP, where IP/UDP/RTP headers transmitted from BM-SC are compressed and decompressed. 

ROHC header compression requires an initialization procedure upon startup, where contexts in both HC (Header Compressor) and HD (Header Decompressor) are initialized and synchronized. Session start/MBMS RB setup is an example of the startup situation.

Through the initialization procedure, ROHC contexts comprised with the following components are established both in UE/PDCP and RNC/PDCP.

	Components
	Comment

	CID
	HC decides Context ID of a stream. 

	Static Part
	Set of hdr fields, those never change during the life time of a stream. 

	Dynamic Part
	Set of hdr fields, those change occasionally or continuously packet by packet.

	Operating Parameters
	Set of parameters essential for ROHC operation. Profile, MODE, STATE, TRANS, etc


Initialization procedure is time and bandwidth consuming process, where all of above information are transmitted several times. So it is better if we can avoid the initializing procedure as much as possible. 

There are pseudo startup situations in MBMS, where UE already has a context in the old HD. If UE reuse some part of the old context, then UE would start decompression more quickly and RNC can avoid sending IR packets several times. 

In the following section, which part of context could be reused in which case is studied case by case. 
3. Case by Case Analysis on Context Reuse 
Context reuse would be possible when a UE establishes a new PDCP entity for a MBMS service while the UE is already receiving the service. 

There are 2 such cases.

1. UE changes the channel type during the service.

2. UE moves to the cell where the PDCP entity is different from the previous cell. 

Upon one of above event, UE will establish a new PDCP entity to continue the service reception. Establishing a new PDCP entity means establishing new HD entity, and this leads to the following situations.

1. UE has to wait periodic IR packet to continue service reception. This is the case when UE’s new channel is an existing PTM channel and the RNC does not know that the UE start to receive the service in the cell. Followings belong to this situation.

· A UE moves to a PTM cell from a PTP cell.

· A UE moves from a PTM cell to a PTM cell whose PDCP entity is different from the previous cell.

2. RNC has to send number of IR packets through the PTP channel(s), when a RNC knows that there is a UE to be initialized. In this case the UE does not need to wait periodic IR packets, but radio resource to transmit [(# of consecutive IR packets * # of PTP UEs) * IR packets] is required. Followings belong to this situation.

· A UE moves to a PTP cell from PTM cell.

· Channel type for a cell changes from PTM to PTP.  

IR packet is supposed to be sent much less frequently than IR-DYN packet. So the waiting time in the first case could be quite long. Please note that the static part of a context does not change without higher layer signaling. 

IR packet is bigger than IR-DYN packet. So the bandwidth to transmit IR packets in the second case could be quite big. 

Considering that the static part of a context remains same during the life time of a packet stream, we can ease the requirement on IR reception to the IR-DYN reception. 

That’s because the static part is always in-synch for all cases of PDCP re-establishment except the very first time UE establishes a PDCP. 
Below are listed all the situations where a UE establishes new PDCP while it has old PDCP entity to make use of. 

· UE stays within a cell and channel type switches from PTP/PTM to PTM/PTP.

· UE establishes new PDCP for PTM/PTP reception.

· The context UE used in PTP/PTM reception and the context UE will use in PTM/PTP reception are for the same packet stream (same MBMS service).

· Static part of the old context and new context are same.

· Some of dynamic part could be different between the old context and the new context, because there could be some packet loss during switching.

· New HC (Header Compressor) and new HD (Header Decompressor) are established, meaning that HC could choose any CID. 

· UE needs to associate new CID with the old context. 

· UE moves to new cell and channel type switches from PTP/PTM to PTM/PTP. 

· UE establishes new PDCP for PTM/PTP reception.

· The context UE used in PTP/PTM reception and the context UE will use in PTM/PTP reception are for the same packet stream (same MBMS service).

· Static part of the old context and new context are same.

· Some of dynamic part could be different between the old and the new context, because there could be some packet loss during cell change.

· New HD (Header Decompressor) is established but existing HC will still be used. 

· HD (Header Decompressor) does not know which CID is being used by the HC in the new cell. 

· UE needs to associate the CID and the old context.

· UE moves from PTM cell to PTM cell, and the new cell is under the different PDCP coverage. 

· UE establishes new PDCP for PTM reception.

· The context UE used in PTM reception of the old cell and the context UE will use in PTM reception of the new cell are for the same packet stream (same MBMS service).

· Static part of the old context and the new context are same.

· Some of dynamic part could be different between the old and the new context, because there could be some packet loss during switching.

· New HD (Header Decompressor) is established but existing HC will be used. 

· HD (Header Decompressor) does not know which CID is being used in the new cell. 

· UE needs to associate new CID with the old context.

We can deduce some general requirements in reusing old context from above. 

· Static part is always same, so it is always reusable.

· Dynamic part could be different between the old context and the new context, and UE can not check whether dynamic part is reusable. So dynamic part should be re-synchronized upon PDCP re-establishment. 

· Associating CID of the new context with the old context of the old PDCP entity is needed. 

4. Proposed UE operation upon PDCP re-establishment
Receiving a MBMS service, UE will encounter various kinds of situations where it has to re-establish its PDCP entity. Therefore it is desirable to have a general rule of UE behaviour on those situations, rather than to handle the situation case by case. 

From the analysis given in the chapter 3, we observe that re-established PDCP’s operations could be converged to a certain set of behaviors whatever caused the re-establishment. 

· UE re-establishes PDCP entity.

· UE takes the snapshot of the old context, used in the old PDCP entity.

· UE feeds the information to the new PDCP entity.

· UE start to receive PDCP PDUs from the new channel.

· UE defers header decompression until it gets IR-DYN. 

· UE associates the CID received to the old context and re-synchronizes the dynamic part of the context.

· UE start to decompress headers.

Associating CID was mentioned several times. CID is decided by HC (header compressor) and is informed to HD in the initialization procedure. So if we skip the initialization procedure, HD needs to know new CID by itself. 

The simplest case is when a PDCP has only one context. This is the case RTCP is turned off, and PDCP compresses/decompresses RTP stream only. In this case, the only thing UE has to do is replacing old CID with the new CID. 

If we use RTCP, then UE need to be a bit smarter. One PDCP accommodates two contexts and two CIDs, so you can not pick up one of them randomly. 

RTP and RTCP are distinguishable in IR-DYN which contains the profile information. RTCP can not be compressed with profile 1 (IP/UDP/RTP) by the definition while RTP is compressed with profile 1, so we can associates old context of RTP with new context of RTP with the profile information. 

One can argue that other than profile 1 could be used for IP/UDP/RTP. In theory compressing IP/UDP/RTP with the profile 2 (IP/UDP) is not forbidden. But correct implementations will always compress IP/UDP/RTP with profile 2, so we can get rid of the possibility. Moreover we have lots of information besides profile in IR-DYN to distinguish 2 different packet streams e.g. RTP SN, RTP Payload Type, IP traffic class etc.
5. UE operations upon intra-cell group movement

It has been understood that UE starts to decompress right after it gets MBMS RB info in the new cell if the cell belongs to the same cell group. However starting decompression immediately causes some problems in a sense that erroneous RTP packets could be delivered to the upper layer. 

As explained earlier, dynamic parts of a ROHC context could be updated packet by packet, meaning that ROHC context can be de-synchronized anytime. 

Even in intra-cell group movement, packet loss would happen and this will cause context de-synchronization between UE and RNC. 

U-mode ROHC headers are protected by 3 bit CRC, so context de-synchronization would be detected with the probability of 87.5%. This, in other words, means that undetected error probability is 12.5 %. 

There are ill effects of undetected error in ROHC header like below.

· Undetected error in ROHC header could cause wrong HD context updates. But the error will not propagate because every ROHC header has 3-bit CRC. After couple of decompression failure, decompressor will transit to the FO state, and wait IR-DYN packet.

· Undetected error in ROHC header will cause erroneous SDU to be delivered to the upper layer. Erroneous SDU, in turn, will cause ill effect on user perception e.g. noisy screen or distorted voice.

Above ill effects is not a big deal, but shall be avoided if not too difficult to do so. The problem will be solved if UE waits until the dynamic part of its context is synchronized. This is achieved when UE receives IR-DYN packet, which is conveniently the same requirements on the PDCP re-establishment case. Therefore, in addition to the PDCP re-establishment case, it is also proposed to require UE to wait IR-DYN before starting decompression in case of intra cell group movement.
6. Proposal

It is proposed to agree the attached CR for 25.323.
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5.1.4 Header Compression and Decompression for a PTM RB
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-  reuse the header decompressor, the decompressor context and the PDCP entity used in the old cell.
-  receive a IR-DYN packet in the new cell. The packets received before the IR-DYN packet may be buffered to be decompressed later.

-
re-synchronize the dynamic part of the decompressor context with the received IR-DYN packet.

-
resume header decompression using the re-synchronized decompressor context. This may include the reverse decompression.  

When a UE that is receiving a MBMS service via PTM RB moves to a cell of the different cell group, or a UE that is receiving a MBMS service changes channel type, the UE shall;

-  establish new header decompressor and reuse the static part of the decompressor context used by the old decompressor. 

-
receive IR-DYN packet in the new configuration. The packets received before the IR-DYN may be buffered to be decompressed later.

-  if there is only one stream (one decompressor context) associated with the MBMS service:

-  substitute the CID of the decompressor context with the CID of the received IR-DYN packet.
-  if there are multiple streams (multiple decompressor contexts) associated with the MBMS service:
-  associate the received IR-DYN packet’s CID with the proper decompressor context based on profile information or RTP PT etc.
-  substitute the CID of the selected decompressor context with the CID of the received IR-DYN packet.

-
re-synchronize the dynamic part of the decompressor context with the received IR-DYN packet.

-
resume header decompression using the re-synchronized decompressor context. This may include the reverse decompression.
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