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Information
1 Introduction

In RAN2#97bis, Solution 4 from Qualcomm in R2-1703583 was agreed as a candidate solution for UDC SI. We name the candidate UDC Solution 4 from Qualcomm in R2-1703583 and R2-1705613 as “Adaptive Packet Data Compression (APDC)”. 
In this document, we share the source code of an example APDC decompressor. 
In the peer contribution R2-1705613, we also shared the compressed data packets that were compressed from the agreed simulation input PCAP files (see the latest version of TR 36.754). 
2 Copyright
*      COPYRIGHT (C) 2017 Qualcomm Incorporated
*
*      The copyright to the program(s) herein is the property of
*      Qualcomm Incorporated.
*
*      The program(s) may be used and/or copied only for the 3GPP
*      data compression qualification/selection/characterization tests. No
*      other rights are granted by this notice. 
3 Example APDC compressor source code
3.1 Decompression algorithm constants

The following constants are defined for the decompression algorithm:

#define MAX_NUM_MATCHES          255

#define MIN_MATCH_IN_BYTES         5

#define LONGEST_MATCH_IN_BYTES  127 + MIN_MATCH_IN_BYTES // Do not increase beyond 132 as there is only 7 bits in the Ptr Meta Data block to indicate the match length (132 max char match length - 5 byte minimum match length = 127)!

/*---------------------------------------------------------------------------

  Definitions of used vairable types

---------------------------------------------------------------------------*/

typedef  unsigned char uint8;

typedef  unsigned char byte;

typedef  unsigned short uint16;

typedef  unsigned int uint32;

/*---------------------------------------------------------------------------

  Definitions of Masks for the Compressed Packet Header's Fields

---------------------------------------------------------------------------*/

#define HDR_CHECKSUM_MASK                    0x0F

#define HDR_PKT_ACTION_MASK                  0x07

#define APDC_HDR_EXT_BIT_MASK                 0x01

#define APDC_MAX_PREV_HDR_SIZE_IN_BYTES       (32)

#define APDC_COMMON_HDR_SIZE_IN_BYTES         (1)

#define APDC_PMCR_COMMON_HDR_SIZE_IN_BYTES    (3)

define APDC_CPCR_COMMON_HDR_SIZE_IN_BYTES    (1)

#define APDC_CPCR_META_HDR_SIZE_IN_BYTES      (4)

#define APDC_APDCCOMP_ALIGNMENT_BYTES           (4)

#define APDC_PMCR_CKSUM_CALCULATION_LEN_IN_BYTES            (5)

#define APDC_PMCR_CKSUM_START_IDX_OFFSET                    (8)
/*---------------------------------------------------------------------------

  Definitions for Compressed Packet Action that are set in the upper 3 bits in first byte of Compressed Packet Header

---------------------------------------------------------------------------*/

#define NO_DECOMP_AND_NO_COPY_TO_COMP_MEM_ACTION

0x00

#define NO_DECOMP_AND_COPY_FULL_PKT_TO_COMP_MEM_ACTION
0x01

#define DECOMP_AND_COPY_HDR_ONLY_TO_COMP_MEM_ACTION

0x02

#define DECOMP_AND_COPY_FULL_PKT_TO_COMP_MEM_ACTION

0x03

#define DECOMP_USE_PREV_METADATA_ACTION        

0x04
#define RESET_AND_COPY_FULL_PKT_TO_COMP_MEM_ACTION

0x05

/*---------------------------------------------------------------------------

  Macros to parse the fields from the compressed packet

---------------------------------------------------------------------------*/

/* The input should be the APDC common header */

#define APDC_IS_PMCR_HDR_PRESENT(APDCCommonHdr) ((APDCCommonHdr) & APDC_HDR_EXT_BIT_MASK)

/* The input should be the pointer pointing to the PMCR common header */

#define APDC_IS_CPCR_HDR_PRESENT(pmcrCommonHdrPtr) (((*pmcrCommonHdrPtr) 
\ >> 5) & 0x01)
/* The input should be the pointer pointing to the PMCR common header */    

#define APDC_PMCR_HDR_GET_LOOKBACK_LEN(pmcrCommonHdrPtr) 
\                         (((((((*(pmcrCommonHdrPtr)) & 0x1F) << 5) | 
\                          ((*(pmcrCommonHdrPtr + 1) >> 3))) + 1)* APDC_APDCCOMP_ALIGNMENT_BYTES)  - 1)

/* The input should be the pointer pointing to the PMCR common header */ 

#define APDC_PMCR_HDR_GET_NUM_BYTES_TO_COPY(pmcrCommonHdrPtr) 
\                         ((*((pmcrCommonHdrPtr) + 2)) & 0x7F)

/* The input should be the pointer pointing to the PMCR common header */     

#define APDC_PMCR_HDR_GET_META_HDR_COUNT(pmcrCommonHdrPtr) \                         
((((*((pmcrCommonHdrPtr)+1))  & 0x07) << 1 )| \                         
((*((pmcrCommonHdrPtr)+2)) >> 7))

/* The input should be the PMCR meta header */      

#define APDC_PMCR_META_HDR_GET_MATCH_BYTES(pmcrMetaHdr) 
\                           ((pmcrMetaHdr) >> 3)

/* The input should be the PMCR meta header */    

#define APDC_PMCR_META_HDR_GET_MISMATCH_BYTES(pmcrMetaHdr) \                         ((pmcrMetaHdr) & 0x7)    
3.2 APDC Compression memory
APDC Comp memory is used to remember past packets. The decompressor uses this memory to perform decompression. APDC Comp memory is implemented as a circular buffer. Definition of data structures and operations on APDC Comp memory that the decompressor module must support are discussed in the following sections.

3.2.1  APDCCompMem data structure

This data structure is allocated for each decompressor engine instance. The mem element contains the circular buffer, which stores the history of past received packets.

typedef struct 

{

  uint8     *mem;      /* pointer to the allocated memory */

  uint16    end_idx;   /* Index to the last valid entry */ 

  uint16    capacity;  /* capacity, number of bytes allocated in ‘mem’: 2048, 4096, or 8192 bytes */

} APDCCompMem;
3.2.2  APDCCompMem_allocate(APDCCompMem_Ptr, size, prefill_buff, prefill_size)
This function allocates a APDC Compression memory of a specified size and prefills it with all zeros.

If a valid prefill buffer is provided, the contents of prefill_buf are copied into APDC Comp memory by using the APDCCompMem_push_data() function. Prefill is performed at the end of APDC Comp memory.
If the contents of the prefill are smaller than the allocated APDC Comp memory, the prefill occupies the tail end of APDC Comp memory with the remaining APDC Comp memory bytes set to zeros. If the prefill is larger than the allocated APDC Comp memory, the allocated APDC Comp memory size in bytes is pushed into the tail end of APDC Comp memory, with the push starting from the beginning byte of the prefill file.

 {

    uint16 num_bytes_to_copy = (prefill_size < size) ? 

                                  prefill_size : size;
   // Reset compression memory to all zeros!

  memset(APDCCompMem_ptr->mem, 0, size);

  // Adjust the end index of compression memory

  if(num_bytes_to_copy == size)

  {

    APDCCompMem_ptr->end_idx = size – 1;

  }

  else

  {

    APDCCompMem_ptr->end_idx = size – num_bytes_to_copy – 1;

  } 

    // Copy the prefill bytes to the end of memory
    APDCCompMem_push_data(APDCCompMem_ptr, prefill_buff, num_bytes_to_copy);

  }

3.2.3  APDC_prefillbuffer_compute_cksum (buf_ptr, buf_len)
This function computes the checksum on the contents of the prefill buffer. Checksum is computed by adding all 2 byte words in the prefill buffer, discarding overflow bits, and taking two’s complement of the total. The 2 byte words are formed with the first byte in the prefill buffer as the most significant byte. If the prefill buffer size is odd, then 0x00 is appended to the end of the prefill buffer. The input buf_ptr points to the prefill buffer and buf_len is the length of the prefill buffer in bytes.

{

  uint32  word_cnt = 0;

  uint16  word = 0;

  uint16 *word_ptr = NULL;

  uint16  leftover_word = 0;

  uint16  cksum = 0;

  uint32  i = 0;

  /* Number of complete 2 byte words in the memory specified */

  word_cnt = buf_len / sizeof(uint16);

  /* First word */

  word_ptr = (uint16*)buf_ptr;

  /* Loop over all 2 byte words present in buffer */

  for( i=0; i < word_cnt; i++, word_ptr++ )

  {


/*get the correct order of bytes in case of little endian systems*/
    word = htons((uint16)(*word_ptr));

    cksum += word;  

  }

  /* Now add the left over byte*/

  if( buf_len % sizeof(uint16) == 1 )

  {

   /*Append zeros at the end in case of odd buffer size*/ 

leftover_word = (*((uint8*)word_ptr)) << 8;

    cksum += leftover_word;

  }

  /* Take 2's complement */

  cksum = ~cksum;

  cksum += 1;

  return cksum;

}

3.2.4  APDCCompMem macros

The following APDCCompMem macros are used by the decompressor engine:

//This macro increases the passed in index number by 'add' and modulo with capacity

#define CIRC_BUFF_ADD(idx,add,capacity) (((idx)+(add)) & (capacity-1))

//This macro decreases the passed in index number by 'sub' and modulo with capacity

#define CIRC_BUFF_SUB(idx,sub,capacity) ((((idx)-(sub)+ 1) + (capacity-1)) & (capacity-1))
3.2.5  APDCCompMem_push_data(APDCCompMem_Ptr, src_buf, size)
This function copies data in src_buf to the end of APDC Comp memory. The number of bytes to copy is specified in len. The function updates the end_idx after the copy.

APDCCompMem_push_data(APDCCompMem_ptr, src_buf, len)

{ 

  if((APDCCompMem_ptr->end_idx  + len )  < APDCCompMem_ptr->capacity)

  {

    memcpy(&APDCCompMem_ptr->mem[APDCCompMem_ptr->end_idx + 1], &src_buf[0], len)

    APDCCompMem_ptr->end_idx = APDCCompMem_ptr->end_idx + len

  }

  else /* APDCCompMemory Wrap around */

  {

    first_copy_len = APDCCompMem_ptr->capacity - APDCCompMem_ptr->end_idx – 1

    second_copy_len = len - first_copy_len

    memcpy(&APDCCompMem_ptr->mem[APDCCompMem_ptr->end_idx + 1], &src_buf[0], first_copy_len)

    memcpy(&APDCCompMem_ptr->mem[0], &src_buf[first_copy_len], second_copy_len)

    APDCCompMem_ptr->end_idx = second_copy_len - 1

  }

}
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Input src_buf , len=6
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first_copy_len = 2048 – 2045 – 1 = 2
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3.2.6  APDCCompMem_fetch_data(APDCCompMem_Ptr, lookback_len, match_len, dst_buf)
This function fetches data in the APDC Comp memory and copies it into dst_buf.
The lookback_len specifies the distance in bytes to look back in APDC Comp memory from the current end_idx to find the start of the data, and match_len specifies the number of bytes to copy. For a APDC Comp memory of 16384, 14 bit lookback length can represent values from 4 to 16383. A value < 4 is invalid, because the minimum match length is 5.

APDCCompMem_fetch_data(APDCCompMem_ptr, lookback_len, match_len, dst_buf)

{

  if(lookback_len <= APDCCompMem_ptr->end_idx)

  {

    src_idx = APDCCompMem_ptr->end_idx - lookback_len 
  }

  else

  {

    src_idx = APDCCompMem_ptr->capacity + APDCCompMem_ptr->end_idx - lookback_len 
  }

  /* Will we wrap around APDCCompMem ? If so, we need 2 memcpys */

  if((src_idx + match_len) > APDCCompMem_ptr->capacity)

  {

   first_copy_len = APDCCompMem_ptr->capacity - src_idx

   second_copy_len = match_len - first_copy_len
   /* Copy from src_idx until capacity */

   memcpy(&dst_buf[0], &APDCCompMem_ptr->mem[src_idx], first_copy_len)    

   /* Copy the remaining bytes from location 0 */

   memcpy(&dst_buf[first_copy_len], &APDCCompMem_ptr->mem[0], second_copy_len)                       

  }

  else

  {

    memcpy(&dst_buf[0], &APDCCompMem_ptr->mem[src_idx], match_len)

  } 

}

Example

· lookback_len = 5, match_len = 5

· Input APDCCompMem, capacity = 2048
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src_idx = 2048 + 3 – 5 = 2046

first_copy_len = 2048 – 2046 = 2

second_copy_len = 5 – 2 = 3

· Output – dst_buf
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3.2.7  APDCCompMem_4_bytes_alignment()
This function moves the end index of APDC Compression memory to the previous byte of the next 4‑byte aligned byte, for example, if the end index points to index 5, it is updated to 7 after 4 bytes alignment. There is no wraparound case for 4 bytes alignment, because the size of the decompression memory is always multiple times of 4, for example, the size of decompression memory is 40963. If the end_idx is 4092, end_idx is updated to 4095 after 4 bytes alignment. If the end_idx is 4095, it is still 4095 after 4 bytes alignment. If the end_idx is 0, it is 3 after 4 bytes alignment. The padding bytes are reset to 0.

void APDCCompMem_4_bytes_alignment()

{ 

  // padding_start_idx points to the next byte of the end of compression memory 

  padding_start_idx = APDC_comp_mem.end_idx + 1;

  APDC_comp_mem.end_idx = ((APDC_comp_mem->end_idx + 4) & (~0x03)) - 1;

  if(padding_start_idx <= APDC_comp_mem.end_idx)

  {

    memset(&APDC_comp_mem.mem[padding_start_idx], 0, APDC_comp_mem.end_idx - padding_start_idx + 1);

  }

}

3.3  APDC header memory
3.3.1  APDCHdrMem data structure
Typedef struct

{

  uint8  APDC_prev_hdr[APDC_MAX_PREV_HDR_SIZE_IN_BYTES]; /* Memory to cache the previous packet’s header */

  uint8 APDC_prev_hdr_len; /* The length of previous header */

} APDCHdrMem;

APDCHdrMem global_prev_hdr_mem;

3.3.2  APDCHdrMem_push_APDC_hdr(compPkt)

This function pushes the whole APDC header into the APDC header memory from the passed input packet if the header size of the passed input packet is less than or equal to 32. The input compPkt points to the APDC common header. The function takes the compressed packet as an input.

NOTE: The function is only called when the packet action is header-only compression or full-packet compression.
void APDCHdrMem_push_APDC_hdr(uint8 * compPkt)

{

  boolean is_pmcr_hdr_present;

  boolean is_cpcr_hdr_present = TRUE;

  uint8 * pmcr_common_hdr_ptr;

  uint8   pmcr_hdr_opt;

  uint16  num_pmcr_meta_hdr;

  uint8   num_cpcr_meta_hdr;

  uint16  prev_hdr_len;

  // APDC common header need to be copy

  prev_hdr_len = APDC_COMMON_HDR_SIZE_IN_BYTES;

  is_pmcr_hdr_present = APDC_IS_PMCR_HDR_PRESENT(compPkt[0]);

  // The PMCR header is present

  if(is_pmcr_hdr_present)

  {

//Read cpcr headr flag,num_pmcr_hdr_meta from compPkt;

pmcr_common_hdr_ptr = &compPkt[1];

is_cpcr_hdr_present = APDC_IS_CPCR_HDR_PRESENT(pmcr_common_hdr_ptr);
num_pmcr_meta_hdr = APDC_PMCR_HDR_GET_META_HDR_COUNT(pmcr_common_hdr_ptr);

// The length of PMCR header equals PMCR common header length(3 bytes) plus the number of PMCR meta data times the size of PMCR meta data(1 byte)

prev_hdr_len += (APDC_PMCR_COMMON_HDR_SIZE_IN_BYTES + num_pmcr_meta_hdr); 

}

// CPCR header is present

if(is_cpcr_hdr_present)

{

num_cpcr_meta_hdr = compPkt[prev_hdr_len];

// The length of CPCR header equals CPCR common header length(1 byte) plus number of CPCR meta data times the size of CRCR meta data(4 bytes)

prev_hdr_len += (APDC_CPCR_COMMON_HDR_SIZE_IN_BYTES + num_cpcr_meta_hdr * APDC_CPCR_META_HDR_SIZE_IN_BYTES);        

}

  // Do not push the header whose length is greater and equals to 32

  if(prev_hdr_len > APDC_MAX_PREV_HDR_SIZE_IN_BYTES)

  {

    return;

}

// push the data into the APDC header memory

memcpy( &global_prev_hdr_mem.APDC_prev_hdr[0],compPkt, prev_hdr_len;); 

global_prev_hdr_mem.APDC_prev_hdr_len = prev_hdr_len;

}
3.4  Packet decompression logic
The main decompression logic is in the function decompress_packet(). It decompresses the entire packet using past memory maintained in APDC Comp memory. The function uses APDC Comp memory helper functions to push and fetch data from APDCCompMem. The pseudocode of decompress_packet is shown below.

The following pseudocode for decompress_packet() also handles header-only decompression. It requires a valid num_hdr_bytes as a parameter; length(compPkt) and length(decompPkt) indicate the current length of compressed/decompressed packet size.

3.4.1  APDC_proc_pmcr_header
This function processes the PMCR header. The function takes the compressed packet and the checksum as an input, decompressed packet, flag for the CPCR header, index for the CPCR header, and index for the payload as output. The compPkt should point to the APDC common header. It returns false if the checksum validation fails. 

boolean APDC_proc_pmcr_header
(

  byte       * compPkt,             /* Compressed packet */

  uint8        checksum,            /* The chekcsum value*/

  byte       * decompPkt,           /* Decompress packet */ 

  uint32     * decomp_size_ptr,     /* The decompressed size */ 

  boolean    * is_cpcr_hdr_present, /* Flag for CPCR hdr */

  uint16     * hdr_idx,             /* points to the CPCR header */

  uint16     * data_idx             /* Points to the payload */

)

{

  uint8 * pmcr_common_hdr_ptr = &compPkt[1];
  

  uint16 pmcr_hdr_lookback_len = APDC_PMCR_HDR_GET_LOOKBACK_LEN(pmcr_common_hdr_ptr);

  uint8 num_pmcr_meta_hdr = APDC_PMCR_HDR_GET_META_HDR_COUNT(pmcr_common_hdr_ptr);

  uint8 num_bytes_to_copy = APDC_PMCR_HDR_GET_NUM_BYTES_TO_COPY(pmcr_common_hdr_ptr);

  uint16 cpcr_meta_hdr_len_in_bytes;

  uint8 decomp_pkt_idx = 0;

  uint8 match_len;

  uint8 mistmatch_len;

  uint8 temp_buf[APDC_PMCR_CKSUM_CALCULATION_LEN_IN_BYTES];

  // Verify the checksum: the checksum will be calculated on the 5 bytes starting from lookback length equals to lookbacklen + APDC_PMCR_CKSUM_START_IDX_OFFSET in APDC Compression memory. The 5 bytes will be copied into a temp buf and be verified in APDC_calculate_checksum()

  APDCCompMem_fetch_data(&APDC_comp_mem, pmcr_hdr_lookback_len + APDC_PMCR_CKSUM_START_IDX_OFFSET, APDC_PMCR_CKSUM_CALCULATION_LEN_IN_BYTES,  temp_buf);

  if(checksum != APDC_calculate_checksum(temp_buf))

  {

    return FALSE;

  }  

  //Get PMCR flag 

  *is_cpcr_hdr_present = APDC_IS_CPCR_HDR_PRESENT(pmcr_common_hdr_ptr);

  // The decompressed Size should be the num_bytes_to_copy 

  *decomp_size_ptr = num_bytes_to_copy;

  // Fetch data from APDCCompMem and push it into decompress packet

  APDCCompMem_fetch_data(&APDC_comp_mem, pmcr_hdr_lookback_len, num_bytes_to_copy, decompPkt);

// points to the first meta header in PMCR header

  *hdr_idx = APDC_COMMON_HDR_SIZE_IN_BYTES + APDC_PMCR_COMMON_HDR_SIZE_IN_BYTES;

  // if the Cpcr header is present, Update the index to the payload  

  if(*is_cpcr_hdr_present)

  {   

     cpcr_meta_hdr_len_in_bytes = compPkt[*hdr_idx + num_pmcr_meta_hdr] * APDC_CPCR_META_HDR_SIZE_IN_BYTES;

     *data_idx = (*hdr_idx + num_pmcr_meta_hdr + APDC_CPCR_COMMON_HDR_SIZE_IN_BYTES + cpcr_meta_hdr_len_in_bytes);

  }

  else

  {


 *data_idx = (*hdr_idx + num_pmcr_meta_hdr);

  }

  // Operate on the PMCR meta header 

  while(num_pmcr_meta_hdr > 0)

  {

    // get the match/mismatch legnth


 match_len = APDC_PMCR_META_HDR_GET_MATCH_BYTES(compPkt[*hdr_idx]);

    mistmatch_len = APDC_PMCR_META_HDR_GET_MISMATCH_BYTES(compPkt[*hdr_idx]);

    //skip matchLen bytes.

    decomp_pkt_idx += match_len;

    // Overwirte the mismatch bytes   

    memcpy(&decompPkt[decomp_pkt_idx],&compPkt[*data_idx],mistmatch_len);

    decomp_pkt_idx += mistmatch_len ;

    *data_idx += mistmatch_len;

    num_pmcr_meta_hdr--;

    (*hdr_idx)++;

  }

  // Push the decompressed packet into the APDCCompMem 

  APDCCompMem_push_data(&APDC_comp_mem, decompPkt, num_bytes_to_copy);

  return TRUE;

}
3.4.2  APDC_decompress_packet( compPkt[] , num_hdr_bytes )
APDC_decompress_packet( compPkt[] , num_hdr_bytes )
{

  packet_action = (compPkt[0] >> 5) & HDR_PKT_ACTION_MASK;

  checksum_recieved = (compPkt[0] >> 1) & HDR_CHECKSUM_MASK; // read packet’s checksum

is_pmcr_hdr_present =  APDC_IS_PMCR_HDR_PRESENT(compPkt[0]);
  

  if (packet_action == NO_DECOMP_AND_NO_COPY_TO_COMP_MEM_ACTION )

  {

    memcpy(decompPkt, &compPkt[1], length(compPkt) - 1);  // remove Header Byte

    return decompPkt; // Nothing further to do with this packet

  }

  if(packet_action == NO_DECOMP_AND_COPY_FULL_PKT_TO_COMP_MEM_ACTION )

  {

    // Validate the packet’s checksum against the checksum of last 5 bytes in APDCComp Memory 

    for (i = 0; i < MIN_MATCH_IN_BYTES; i++)

    {

      csum_bytes[i] = APDC_comp_mem.mem[ CIRC_BUFF_SUB(APDC_comp_mem.end_idx, 

                           (MIN_MATCH_IN_BYTES - 1) - i, APDC_comp_mem.capacity) ];

    }

    if(APDC_calculate_checksum(csum_bytes) == checksum_received)

    {

      // Decompression is not required.  Just push the packet contents into APDCComp Memory

      APDCCompMem_push_data(&APDC_comp_mem, &compPkt[1], length(compPkt) - 1);

   // Do 4 bytes alignment in APDC_comp_mem


   APDCCompMem_4_bytes_alignment();
      memcpy(decompPkt, &compPkt[1], length(compPkt) - 1);  // remove Header Byte

      return decompPkt; // Nothing further to do with this packet    

    }

    else //checksum validation failed

    {

      Return from this function with error

      // eNB may choose to trigger reset if checksum fails (refer section 7.3)

    }

  }

  if(packet_action == RESET_AND_COPY_FULL_PKT_TO_COMP_MEM_ACTION )

  {

    // Packet checksum should be zero in this case

    if(checksum_received == 0x0)

    {

      // Reset the entire compression memory with all zeros

      memset(&APDC_comp_mem, 0x0, APDC_comp_mem.capacity);

      // Decompression is not required.  Just push the packet contents into APDCComp Memory

      APDCCompMem_push_data(&APDC_comp_mem, &compPkt[1], length(compPkt) - 1);

   // Do 4 bytes alignment in APDC_comp_mem


   APDCCompMem_4_bytes_alignment();
      memcpy(decompPkt, &compPkt[1], length(compPkt) - 1);  // remove Header Byte

      return decompPkt; // Nothing further to do with this packet    

    }

    else //checksum validation failed

    {

      Return from this function with error

      // This case is unexpected. eNB may choose to release the connection

    }

  }

  // decomp_use_prev_metadata_action should only apply to header_only and entire_packet compression.

  if(packet_action ==  DECOMP_USE_PREV_METADATA_ACTION)

  { 

    // Get the packet action from the cache previous packet header

packet_action = (global_prev_hdr_mem.APDC_prev_hdr[0] >> 5) & HDR_PKT_ACTION_MASK;

// Get the pmcr header flag from previous packet header

is_pmcr_hdr_present = global_prev_hdr_mem.APDC_prev_hdr[0] & HDR_EXT_BIT_MASK;

// Put a assumption that there is 32 bytes memory before compPkt[] for copying the previous header

//Move the compPkt pointer  (global_prev_hdr_mem.APDC_prev_hdr_len – 1) back so that we have enough room to push the previous header into compPkt

compPkt -=  (global_prev_hdr_mem.APDC_prev_hdr_len – 1);

//Prepend the header in APDC header memory to the current payload, the current header will be overwritten by previous header

Memcpy(compPkt, global_prev_hdr_mem.APDC_prev_hdr, global_prev_hdr_mem.APDC_prev_hdr_len);

  }

  else

  {

//Push the header into the APDC header memory; packet action has to be 010 or 011 to reach here 

APDCHdrMem_push_APDC_hdr(compPkt);

  }

  // Packet has been compressed (i.e., Pkt Action is 010, 011)  

  Set data_idx, num_matches, checksum_idx to 0;

  is_cpcr_hdr_present =  TRUE;

  hdr_idx = 1;

  // process pmcr header if it presents

  if(is_pmcr_hdr_present)

  {

    // The function take compressed packet as input. The decompressed data will be stored in decompPkt. 

If(FALSE == APDC_proc_pmcr_header( compPkt,decompPkt,&checksum_idx,& is_cpcr_hdr_present,&hdr_idx,&data_idx))

{

      Return from this function with error

      // eNB may choose to trigger reset if checksum fails (refer section 7.3)

}

  }

  // Process CPCR header if present

  if(is_cpcr_hdr_present)

  {

num_matches = compPkt[hdr_idx] // read num_matches from compPkt

hdr_idx++;      // points to the start of first CPCR metadata

// The data_idx is already updated in APDC_proc_pmcr_header() if pmcr header is present

    if(!is_pmcr_hdr_present)

    {

      data_idx = hdr_idx + num_matches * 4 // points to start of uncompressed block, each CPCR metadata is 4 bytes                       

}

  }   

  

  while( num_matches > 0)

  {

    Read dist_to_ptr(11 bits),lookback_len(14 bits), length(7 bits) from 4 bytes at compPkt[hdr_idx]

    match_len = length + 5 // Add minimum match length of 5 bytes to get match_len

    if (distance_to_ptr > 0) 

    {

      Append data of length 'dist_to_ptr' starting from compPkt[data_idx] to decompPkt

   
      // Push uncompressed data block to APDCCompMem

      APDCCompMem_push_data(&APDC_comp_mem, &compPkt[data_idx], distance_to_ptr) 

      data_idx = data_idx + dist_to_ptr;

    }

    // Fetch data from APDCCompMem into a local buf

    APDCCompMem_fetch_data(&APDC_comp_mem, lookback_len, match_len, buf)

    Append ‘match_len’ bytes from ‘buf’ to decompPkt

    

      // Push fetched data block, back to APDCCompMem 

      APDCCompMem_push_data(&APDC_comp_mem, buf, match_len)    

    num_matches = num_matches - 1;

    hdr_idx = hdr_idx + 4 // Move to the next CPCR Metadata

  } /* end while */

  if (data_idx < length(compPkt) ) // copy remaining uncompressed block

  {

    copy_len = length(compPkt) - data_idx;

    

    if(packet_action == DECOMP_AND_COPY_HDR_ONLY_TO_COMP_MEM_ACTION)  // header only compression
    {





      copy_mem_len = min(num_hdr_bytes – length(decompPkt), copy_len); 

      // Push copy_mem_len uncompressed data block to APDCCompMem 

      APDCCompMem_push_data(&APDC_comp_mem, &compPkt[data_idx], copy_mem_len);

    }

    else if(packet_action == DECOMP_AND_COPY_FULL_PKT_TO_COMP_MEM_ACTION)

    {

      // Push remaining uncompressed data block to APDCCompMem 

      APDCCompMem_push_data(&APDC_comp_mem, &compPkt[data_idx], copy_len)    

    }

    Append data of length 'copy_len' starting from compPkt[data_idx] to  decompPkt

  }

  

  //The checksum is already verified in APDC_proc_pmcr_header() if the PMCR header is present

  If(!is_pmcr_hdr_present)
  {

    // Validate the checksum for packets with matches > 0

    if(APDC_calculate_checksum(&decompPkt[offsetOfFirstMatchInUncompPkt])  != checksum_received)

    {

      Return from this function with error

      // eNB may choose to trigger reset if checksum fails (refer section 7.3)

}

        }

  // Do 4 bytes alignment in APDC_comp_mem

  APDCCompMem_4_bytes_alignment();
  return decompPkt;

}  // decompress_packet()
3.4.3  APDC_calculate_checksum()
This function calculates the checksum of the first 5 bytes in the given data buffer.
Uint8 APDC_calculate_checksum
(

  uint8          *buffer  // Pointer to bytes to be checksummed

)

{

  uint16 checksum=0

  uint8 length = MIN_MATCH_IN_BYTES // 5 bytes

  // Sum up the bytes in the data buffer

  while(length--) 

  {

    checksum += *buffer++

  }

  // return only 4 bits out of the 16 bit checksum 

  return ((uint8) (checksum & HDR_CHECKSUM_MASK))
} // APDC_calculate_checksum()
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