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Discussion 
1 Introduction

ROHC context transfer is specified in UMTS but not in LTE. There are number of drivers for LTE that make ROHC context transfer more desirable than for UMTS. In this contribution, we propose to discuss whether ROHC context transfer should be specified in LTE.
2 Discussion 
Comparing to UMTS, LTE has couple of upsides for ROHC context transfer. 
<Table 1>
	
	UMTS
	LTE

	Complexity 
	High 
Data transfer even after context has frozen
	Expected to be low
No data transfer after context has frozen 

	UL coverage aspects if not supported
	No serious impact
10 ms TTI; only impact for handover involving SRNS relocation 
	Could be degraded if not supported
1 ms TTI (or 4 ms if TTI bundling applies); impact all handovers; to overcome, packet segmentation and TTI bundling need to be applied 

	Value of ROHC context transfer

What happen if not supported?
	Low

2 ~ 3 IR packets transmitted every SRSN relocation
	High

2 ~ 3 IR packets transmitted every handover


Analysis on uplink coverage

We think the issue around UL coverage is worthy of detailed analysis. For analysis followings are assumed.
<Table 2>

	General Assumption: IPv6, Octet Aligned Mode, Small CID, 12.2 kbps AMR codec

	RTP payload size = 33 byte (=264 bit) 

	The size of optimally compressed ROHC packet = 1 byte (Small CID) + 1 byte (UO-0 hdr) + 2 byte (UDP checksum) + 33 byte = 37 byte  

	MAC PDU size for ROHC packet = 1 byte (PDCP hdr)  + 1 byte (RLC hdr) + 1 byte (MAC hdr) = 40 byte 

	TB size for ROHC packet = 41 byte 

	The size of IR packet = 1 byte (Small CID) + 1byte (packet type) + 1 byte (Profile) + 1 byte (CRC) + 61 byte (profile specific information) + 33 byte = 98 byte

	99 byte PDCP SDU is segmented to 3 RLC PUDs each of which is 33 byte.  

	1st segment usually accompanies short BSR. Hence MAC PDU size for 1st segment = 1 + 1 + 33 + 2 (short BSR including MAC subhdr) =  37 byte; TB size for 1st segment = 37 byte
MAC PDU size for 2nd segment and 3rd segment = 1 + 1 + 33 = 35 byte; TB size for 2nd and 3rd segments = 35 byte


If ROHC context is maintained, optimally compressed ROHC packets would be transmitted from the beginning after handover. Typically TTI bundling would be applied as well. Hence the operation would be like what is shown below in the figure.
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Fig. 1

One rectangular corresponds to one bundle (hence 4 ms time span). Assuming 52 ms delay budget, one voice frame can be transmitted up to 16 (=4 * 4) times. 
If ROHC context reset, IR packets will be transmitted as below.
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Fig. 2

As seen above, only one bundled transmission is possible per segment. For example, Retransmission of 2nd segment of the 1st packet (transmitted over process 3) is not possible because initial transmission of 1st segment of the 2nd packet takes place. Only 4 transmissions (4 * 1) are allowed per segment. It is effectively eliminate the bundling gain.
If the scheduler is smart enough, all the uplink subframes could be utilized in such manner that new transmission of a segment is initiated in any free HARQ process without applying 20 ms interval as shown below. 
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Fig. 3

Even in this case, the number of possible HARQ retransmissions is limited. For example during x ms time span, x/4 HARQ transmission opportunities are available during which (x/20) * 3 segments are produced. Statistically 60% of x/4 HARQ transmission opportunities are used for initial transmission and only 40% of x/4 HARQ transmission opportunities are used for retransmission. The opportunities for HARQ retransmissions are shared by segments, hence the number of HARQ transmission opportunities per segment is 1 + [(x/4) * 0.4]/ [(x/20)*3] = 1.667.  
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Fig. 4

Note that the figure 4 does not consider HARQ timeline hence it is only about statistical effect.

<Table 3>
	ROHC context transfer
	ROHC context reset

	41 byte for 16 TTIs

Effective data rate (including CRC) = [41+2] * 8 / 16 = 21.5 kbps 
	Simple Scheduler

· 37 (or 35) byte for 4 TTIs

· Effective data rate (including CRC) = [35+2] * 8 / 4 = 74 kbps
Smart Scheduler

· 37 (or 35) byte for 6.667 (= 4 * 1.667) TTIs

· Effective data rate (including CRC) = [35+2] * 8 / 6.667 = 44.4 kbps


There is positive correlation between required cell edge data rate and the coverage. Hence roughly speaking, ROHC context transfer enhances uplink coverage by 3.4 times (or 2.1 times). 
Observations

· If ROHC context reset, IR packet is segmented and transmitted.
· In average one (or 1.667) bundle transmission is possible. 

· If ROHC context is maintained, ROHC packet is transmitted as whole.

· 4 bundled transmissions are possible within 52 ms delay budget.

· It makes a lot of difference in uplink coverage point of view. 

Complexity and feasibility
In UMTS, data transfer continues to update the context even after the context is frozen. Hence after context frozen, great care should have been taken to ensure that context update stays within the extent where ROHC context recovery procedure handles. To this end, 25.323 has relatively complicated text as shown below.

<Table 4>

	5.4.2
Context relocation

The header compression context relocation is performed by the decision of upper layers in source RNC based on the UE radio capabilities. The decision is done independently every time the SRNS relocation occurs and is specific for each header compression protocol. It is indicated to UE as a part of the SRNS relocation signalling of the upper layer and the selected relocation method is configured to UE PDCP by the upper layer.

The header compression context relocation shall not be performed if the radio bearer is configured to support the lossless SRNS Relocation.

In the UE, upon reception of the indication about SRNS relocation being performed:

-
the upper layer configures PDCP (CPDCP-CONFIG.Req) to perform either re-initialisation (R) or the context relocation (C) of header compression protocols;

-
if the context relocation is to be applied for RFC3095 header compression protocol:

-
if the compressor (M-HC) is operating in R mode:

-
uplink data may be compressed and transmitted normally.

-
if the compressor (M-HC) is operating in O mode:

-
compress and transmit uplink data as specified in [8] using the assumption that all ROHC uplink packets transmitted are likely to be lost. When SRNS relocation is completed, M-HC should return to normal operation.
NOTE:
When the M-HC is using the assumption that all ROHC uplink packets transmitted are likely to be lost:

-
the M-HC can not transit to a higher compression state;

-
for W-LSB encoding, the M-HC updates the set of candidate reference values used by the  decompressor by adding newly transmitted values but not removing old values.
-
if the compressor (M-HC) is operating in U mode:

-
M-HC shall transit to FO state and send IR-DYN to re-synchronise the dynamic part of the uplink context.

-
if the reverse decompression is applied in the decompressor (M-HD):

-flush the reverse decompression buffer by discarding all packets in the buffer.

-
in the decompressor (M-HD), in all modes:

-
downlink data may be received and decompressed normally.

In the UTRAN source RNC, while SRNS relocation is being performed:

-
if the context relocation is to be applied for RFC3095 header compression protocol:

-
PDCP is requested to take a context snapshot by the upper layer (CPDCP-CONTEXT.Req);

-
if the compressor (source N-HC) is operating in R mode:

-
the source N-HC should take a snapshot of its header compression compressor context (denoted N-context-C*);

-
header compression contexts should not be updated anymore even though downlink data may be compressed and transmitted otherwise normally. This can be done by sending R-1* packets.

-
if the compressor (source N-HC) is operating in O mode:

-
the source N-HC should take a snapshot of its header compression compressor context (denoted N-context-C*);

-
after the snapshot is taken, the source N-HC should only send UO-0 or UO-1* packets. This means only RTP SN, RTP TS, and IP-ID (for IPv4 only) fields are updated in the decompressor context at M-HD.

-
if the compressor (source N-HC) is operating in U mode:

-
the source N-HC should take a snapshot of the static part of its header compression compressor context (denoted N-context-C-static*).

-
if the decompressor (source N-HD) is operating in R or O mode:

-
if the source N-HD is sure about the integrity of the N-context-D:
-
the source N-HD should take a snapshot of its header compression decompressor context (denoted as N-context-D*).

-
if the source N-HD is only sure about the integrity of the static part of the N-context-D (e.g. due to multiple detected errors):

-
the source N-HD should take a snapshot only of the static part of the N-context-D (denoted as N-context-D-static*).

-
RFC3095 acknowledgments should not be generated anymore even though uplink data may be received and decompressed otherwise normally.

-
if the decompressor (source N-HD) is operating in U mode:

-
the source N-HD should take a snapshot of the static part of its header compression decompressor context (denoted N-context-D-static*).

-
either N-context-C* or N-context-C-static* and either N-context-D* or N-context-D-static* should be delivered to the upper layer as Context-Info (CPDCP-CONTEXT.Conf), which is to be transmitted further to the target RNC.

In the UTRAN target RNC, while SRNS relocation is being performed:

-
the upper layer configures PDCP (CPDCP-CONFIG.Req) to perform either initialisation (I) or the context relocation (C) of header compression protocols;

-
the new header compression entity should be created;

-
if the context relocation is to be applied for RFC3095 header compression protocol:

-
in the compressor (target N-HC), in all modes:

-
the header compression compressor (target N-HC) should be initialised to the same mode as used in the source N-HC using N-context-C* as the initial header compression compressor context;

-
in addition, if the source N-HC was operating in U-mode, the target N-HC should first send IR-DYN to resynchronise the dynamic part of the downlink context.

-
in the decompressor (target N-HD), in all modes:

-
if Context-Info carries N-context-D*:

-
the header compression decompressor (target N-HD) should be initialised to the same mode as used in the source N-HD using N-context-D* as the initial header compression decompressor context.

-
if Context-Info carries N-context-D-static*:

-
the header compression decompressor (target N-HD) should be initialised to the same mode as used in the source N-HD using N-context-D-static* as the initial header compression decompressor context;

-
the target N-HD should send a request for IR-DYN.


In LTE, data transfer stops during handover. It eliminates the need for extra text like above. It is not only about whether or not to have more text in the specification. The behaviour above requires fine control of ROHC machine in PDCP level which requires internal interface between PDCP and ROHC. Hence not being required for such control would make the implementation much easier.  

To summarize the impact to the specification, we expect following impact to the specification;

· New IE for indication for not resetting ROHC context
· New IE for ROHC context container
· New IE for requesting ROHC context transfer

· New procedural text for not resetting ROHC context 
· New IE for capability bit

We believe above is acceptable changes comparing to the gain of the new feature. 

Another issue raised during the previous discussion was that ROHC context may have different format between vendors so it may not work if handover is to the ENB from a different vendor. While it is kind of valid concern, we don’t believe it is a showstopper because of followings.
· ROHC context transfer will be a configurable feature. If not applicable, it can be simply turned off.

· In general, ENBs in a given area are from the same network vendor. Hence inter-vendor problem would not happen frequently.
3 Conclusion
It is proposed to discuss if there are serious problems in supporting ROHC context transfer in LTE and if there are support/objection for this feature. If no serious problem is identified, Samsung will happily bring the initial analysis on ROHC context transfer next meeting.[image: image5.png]
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