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1 Introduction
In post-RAN2#116 email discussion, “[Post116-e][088] UDC initial discussion”, quite many companies supported the continuation of UDC buffer for NR UDC. 
In this contribution, we can discuss a technical issue on the support of UDC continuation.
2  Discussion
2.1 LTE UDC
In Rel-15 LTE WI UDC, RAN2 discussed technical issues on UDC (Uplink Data Compression) and finally adopted UDC in LTE. 
One thing to be noted is that UDC protocol compresses the data based on compression buffer including the bit stream of the previous data. After compression, the original bit stream of the compressed data is pushed into the compression buffer to be ready for the compression of the subsequent data. Hence, the compressed data has a direct correlation with the previous compressed data, which incurs error propagation (i.e. continuative decompression failure) when one data in between data is lost or decompression-failed.  
Observation 1. The UDC compressed data has a direct correlation with the previous UDC compressed data. 

Observation 2. Decompression failure happens for all subsequent data from missing or decompression-failed data. 

In LTE, the continuation of UDC compression buffer at PDCP re-establishment is not supported, i.e. the transmitting PDCP entity always reset compression buffer and prefill dictionary if configured, which is very simple, i.e. resetting compression buffer at PDCP re-establishment makes the UE and the network get to know the starting point of compression. 
Observation 3. Resetting compression buffer at PDCP re-establishment makes the UE and the network get to know the starting point of compression in LTE.
2.2 NR UDC
In NR, the security key update is optional unlike LTE. This means that NR can support UDC continuation by the implicit manner. For example, the network can send UE a Handover command message without security key update, which just triggers a PDCP data recovery procedure. In this case, the network and UE continues to compress/decompress PDCP SDUs without resetting compression buffer. 
Observation 4. The legacy NR can support UDC continuation if security key is not updated. 

If we are going to support UDC continuation when the security key is updated (i.e. at PDCP re-establishment), then we will encounter a desynchronization issue regarding UDC compression/decompression buffer between UE and the network. 
During PDCP re-establishment, the UE will newly apply UDC compression/integrity protection/ciphering to the PDCP SDUs for transmission or retransmission due to the security key update. When the UE applies UDC compression to the first PDCP SDU again at PDCP re-establishment and UDC continuation is configured (i.e. UDC buffer is not reset), it would be not clear which contents of compression buffer UE should apply UDC compression to the first PDCP SDU based on. In our opinion, there could be three options:
· Option 1: Apply UDC compression to the first PDCP SDU based on the latest compression buffer.
· Option 2: Revert the latest compression buffer back to the previous compression buffer which the first PDCP SDU was compressed based on

· Option 3: Do not newly apply UDC compression to the PDCP SDUs for retransmission or transmission if already compressed, i.e. just apply integrity protection/ciphering to UDC data blocks with new security configuration.
For example, as shown in Fig.1, the transmitting PDCP entity applied UDC compression up to PDCP SDU 3 before PDCP re-establishment and the successful delivery of PDCP SDU 1 was confirmed by lower layers. For Option 1, the transmitting PDCP entity will apply UDC compression to the first PDCP SDU (i.e. PDCP SDU 2) based on Compression buffer 3 at PDCP re-establishment. For Option 2, UE will revert Compression buffer 3 back to Compression buffer 2 and apply UDC compression to the first PDCP SDU (i.e. PDCP SDU 2) based on Compression buffer 2 the same as before. For Option 3, UE will not apply UDC compression to the PDCP SDUs (i.e. PDCP SDU 2 and PDCP SDU 3), if already compressed.
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Figure 1. UDC compression
Regarding Option 1, the problem is that the network cannot know up to which PDCP SDU the UE applied UDC compression before PDCP re-establishment, i.e. the network cannot know the contents of decompression buffer, which incurs decompression failure due to desynchronization. For example, the UE could apply UDC compression up to PDCP SDU 4 or PDCP SDU 6 given that NR assumes pre-processing of data in UE side. In this reason, the desynchronization issue would be inevitable unless UE indicates the exact contents of compression buffer to the network.
In the implementation point of view, it would be very difficult to implement Option 2, i.e. reverting compression buffer to the previous one is a very complicated procedure, which should be avoided. 

Option 3 would be the simplest approach if we should support UDC continuation at PDCP re-establishment, which is the same as Option 2 technically, i.e. UE performs compression of Uplink PDCP SDU at PDCP re-establishment if UDC continuation is not configured (i.e. the compression buffer is reset) and UE performs compression of Uplink PDCP SDU at PDCP re-establishment if it has not been compressed before and if UDC continuation is configured.
However, considering such new UE behaviours, we wonder if UDC continuation at PDCP re-establishment is really needed. So we suggest the following proposals. 

Proposal 1. UDC continuation is not supported in NR the same as in LTE.
Proposal 2. If Proposal 1 is not agreeable (i.e. UDC continuation is supported), 
· UE performs compression of Uplink PDCP SDU at PDCP re-establishment if UDC continuation is not configured (i.e. the compression buffer is reset). 
· UE performs compression of Uplink PDCP SDU at PDCP re-establishment if it has not been compressed before and if UDC continuation is configured.
3 Conclusion

In this contribution, we provide our view on UDC continuation to discuss the following proposals:

Proposal 1. UDC continuation is not supported in NR the same as in LTE.

Proposal 2. If Proposal 1 is not agreeable (i.e. UDC continuation is supported), 

· UE performs compression of Uplink PDCP SDU at PDCP re-establishment if UDC continuation is not configured (i.e. the compression buffer is reset). 

· UE performs compression of Uplink PDCP SDU at PDCP re-establishment if it has not been compressed before and if UDC continuation is configured.
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