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Discussion and Decision
1. Introduction

At RAN2#89, an agreement was made that the existing address space for E-RNTI, H-RNTI, C-RNTI would split into two parts, one for URA-wide identities and one for cell specific identities.
In this contribution we discuss the agreed splitting of the existing Identifier address space to allocate URA-wide identities, and we also outline further our proposed mechanism for the actual seamless up-switch from URA_PCH state.

2. Discussion
2.1
URA-wide UE identities
In RAN2#89bis it was agreed that URA-wide identities can be used to cater for the mobility of devices in URA_PCH state, and that these identities would be allocated/reserved from the existing RNTI pool’s.
While taking the URA-wide identities from the existing RNTI pools can be seen as a simpler solution, it does have some major drawbacks.
· In [2] it was highlighted that splitting the existing RNTI pool will result in either a limitation in the maximum number of subscribers in a cell or a limitation in the maximum number of cells in a URA. The needs of current mobile networks have already exceeded these limitations.

For example, consider a case where all the values are used for URA-wide RNTI and there are 1000 subscriber/cell and most of them are on URA during the busy hour. This would result in a maximum URA size of 65 cells. In a dense urban environment, with 3-sector sites and 5 carriers, it amounts to15 cell/site. A URA consisting of 65 cells would then cover only 4 to 5 sites. If there is through traffic in the area, the signaling load created by URA updating could be very substantial.
· A 16-bit identity would not provide enough values for all users in a URA, particularly for the expected case of mass deployment of small data devices.
For larger subscribers/cell numbers, the URA size will decrease and the signaling load (URA Updates) becomes even more of a problem than described above.
To address these drawbacks, one solution is to extend the existing RNTI address space. 
Proposal 1: The existing RNTI pool address space should be extended to ensure there are sufficient identities for both Cell specific and URA-wide needs.
2.2
Seamless Up-switch from URA_PCH mechanism

The URA-wide identities can be split into one extension part and one legacy part:

uE-RNTI = xE-RNTI + E-RNTI
uH-RNTI = xH-RNTI + H-RNTI

where u stands for URA-wide version and x stands for the extension part. 
The impact of this extension on the physical control channels (the UL MAC-i header 0, the E-AGCH and the HS-SCCH) has already been explored in [2]. General solutions of how to get around the problems have also been described. 
In the following we provide specific schemes of how an extension of RNTI by 1-bit, 2-bits and 4-bits could be achieved within the existing physical control channel structures and describe the limitations of each scheme. 
MAC-i header

For UEs in CELL_FACH state using Common E-DCH, a specific MAC-i header 0 is used for collision resolution. The MAC-i header 0 includes a hardcoded LCH-ID (which indicates that the E-RNTI is attached), the UE’s stored E-RNTI (16 bits), and 4 padding bits. 
For UEs in URA_PCH state with a URA-wide identity assigned, a similar MAC-i header can be defined to carry the extended E-RNTI by making use of the padding bits. This relatively simple change would limit the impact in the MAC layer to the minimum, as the current headers and procedures could be reused with minimum changes.

Making use of the padding bits is applicable to all extensions of 1-bit, 2-bits or 4-bits. 

E-AGCH

The E-AGCH carries the 6-bit Absolute Grant, which consists of the 5-bit Grant Value and the 1-bit Grant Scope, in addition to the 16-bit E-RNTI.
For UE’s in URA_PCH state with a URA-wide identity assigned, the Grant Value bits could be redefined to allow signalling of an extended E-RNTI.

Making use of the Grant Value bits is applicable to all extensions of 1-bit, 2-bits or 4-bits. 
HS-SCCH

The HS-SCCH carries more fields: 

7 bit
Channelization code set into

1 bit
Modulation scheme info

6 bit
TBS info

3 bit
Hybrid-ARQ process info

3 bit
Redundancy and constellation version

1 bit
New data indicator

16 bit
UE Identity (H-RNTI)

As described above, the full flexibility provided by these fields are not needed here, and therefore some of these existing fields could be redefined to enabling the signalling of an extended RNTI.

Some fields could be hard-coded and some could be reduced in size. For example, the Modulation scheme and the Redundancy and constellation version could be fixed or the number of channelization codes and TBS can be reduced.
Hardcoding the "Redundancy and constellation version" field to Chase Combining would free up 3 bits, which could be used in the case of 1-bit or 2-bits extension of the RNTI.

Hardcoding the "Modulation scheme info" field to QPSK would free up an extra bit, giving the bits needed for a 4-bit extension of the RNTI. 

To summarize, we have described how to extend the RNTI space by up to 4 bits without changing the physical control channel structure. The limitations introduced by the extension(s) are as follows:
1-bit extension:

· UL: No per-HARQ process scheduling.
· DL: RV limited to Chase Combining.

2-bit extension:

· UL: No per-HARQ process scheduling. Only half of the Absolute Grant table is addressable.

· DL: RV limited to Chase Combining.
4-bit extension:

· UL No per-HARQ process scheduling. Only 4 of the Absolute Grant can be signalled.

· DL: RV limited to Chase Combining, modulation limited to QPSK.

Notice that these limitations are not very severe, especially for CELL_FACH transmissions.
First, per-HARQ process scheduling is seldom used. In order to provide coverage for the whole cell, most Common E-DCH deployments use the 10-ms TTI, which has the Absolute Grant Scope bit hardcoded to "all HARQ processes" already. Even when the 2-ms TTI is deployed in a cell, it is usually more advantageous to schedule a user for all HARQ processes (rather than just a few) to reduce the holding time of the common E-DCH for better user performance and reduced resource blocking. In case that per-HARQ scheduling is really needed, the user can always be reconfigured with cell-specific RNTIs. 
Second, Incremental Redundancy (IR) for the DL provides substantial benefits only for very high rates. For low and moderate rates typical of CELL_FACH traffic, the difference between IR and Chase Combining is very small. Chase Combining actually has the advantage in low coverage conditions that all retransmissions can be individually decoded.

For the 2-bit extension, only half of the Absolute Grant table is available. This can be achieved by either restricting the grants to the lower half of the table or using only the grants with an odd or even index. The latter can be achieved via a simple mapping. In any case, no new grant tables are needed and there is not much of a limitation. 
The 4-bit extension is the most restrictive. It is, however, well aligned with today's deployments of HSPA in CELL_FACH. An initial grant is broadcast in SIB5 and due to the typical short holding time of CELL_FACH traffic, there is little need or chance to switch grant in the middle of a transmission. The other absolutely needed grant is the Zero Grant used for explicit release. With the 3 remaining values, the network can configure 3 grants, e.g., in System Broadcast. Thus, dynamic scheduling between the 3 grants is still available.  
Finally, this extension of the RNTI space allows more (hopefully all) URA users to be allocated URA-wide RNTIs. Since the restriction imposed by the extended RNTIs are rather minor, most users will be able to complete their transmission in CELL_FACH and return back to URA without the need of cell-specific RNTIs. The alternative of not having enough URA-wide RNTIs is that those lacking them would need to acquire cell-specific RNTIs via a Cell Update procedure before transmission can take place.

To minimize the impact of the borrowed bits on each of the channels, it is assumed that the legacy part is signalled in exactly the same way as before. CRC and masking of the UE identities are performed in exactly the same way as in the baseline with regards to the bit positions: 
· If a borrowed bit is used in the baseline for calculating the CRC, the same bit from the extension part is also used in the CRC calculation. 

· Only the legacy part of the full identity undergoes CRC masking.

This mechanism reduces the latency by removing the need to assign cell specific identities and it reduces the overhead for transmitting small amount of data. It is a trade-off between complexity, flexibility, needs and performance.
Proposal 2: RAN2 to discuss the required extension needed to the existing RNTI address space.

Proposal 3: The information bits signalled in the MAC-i header 0, E-AGCH and HS-SCCH shall be remapped as an option to allow signalling of an extended RNTI i.e. URA-wide identity.
3. Conclusion

RAN2 is kindly requested to discuss and agree on the following proposal:
Proposal 1: The existing RNTI pool address space should be extended to ensure there are sufficient identities for both Cell specific and URA-wide needs.

Proposal 2: RAN2 to discuss the required extension needed to the existing RNTI address space.

Proposal 3: The information bits signalled in the MAC-i header 0, E-AGCH and HS-SCCH shall be remapped as an option to allow signalling of an extended RNTI i.e. URA-wide identity.
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