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1 Introduction

During the earlier RAN WG1 meetings a number of contributions on downlink resource allocation and signalling channel structure have addressed the issues of efficiently providing transmission resources and good link quality for active UEs in the network. During the study item phase the content of DL L1/L2 control signalling channel was identified and considered to consist of three categories [1, section 7.1.1.2.3.1]. One of the parameters requiring further elaboration is the ID used to identify UEs or group of UEs to which the resource allocation is intended.

In RAN1#46 it was noted that the upper layers use the 16-bit c-RNTI for UE identification but methods to reduce the actual signalling on the control channels (within the L1) will be considered when the structure and coding of the control channels is discussed.

The impact of UE identifier depends on whether separate or joint coding scheme is considered. In separate coding case, similarly to UTRA HS-SCCH, UE ID could be masked on the CRC in which case the length of the identifier is the maximum of the minimum lengths of the UE ID and CRC. The proposal in this document pertains particularly to the joint coding case, where the UE IDs are appended to the resource allocation entries in the control signalling field and the UE ID length has more direct impact on the total control overhead
2 Use of truncated UE identifiers
The UE identifiers may consume a considerable portion of the DL L1/L2 signaling bits since all the resources allocated must be uniquely identifiable to the UE (or group of UEs) intended. The shorter the ID the lower the control channel overhead becomes, but on the other hand the number of uniquely addressable UEs per cell shall be higher than currently in UTRA One way of providing the flexibility of reduced control overhead vs. large ID space would be the provision of a cell specific truncated C-RNTI in addition to the original C-RNTI for each UE.

The shortening of the UEid presented here is based on the observation that a cell is hardly ever filled with the maximum number of UEs that the C-RNTI address space can accommodate. This gives an opportunity to use a shortened or masked address depending on the actual number of active terminals in the cell.

Depending on the number of UEs in the cell we propose to mask the least significant bits in the C-RNTI to be used as a short identifier as shown in Figure 1. Thus, a single identifier c-RNTI is sufficient with the knowledge of the mask. In case, c-RNTI is shortened for the allocations by other means, there may be a need to manage both the longer id and the shorter id and their relations.

[image: image1]
Figure 1. Masking of the c-RNTI

We base the mask on a power of two and define an algorithm to adjust the mask according the number of UEs in the cell. The algorithm can be described as

· Mask is of the form 2x -1

· ((UE) = highest c-RNTI address corresponding to a UE in LTE active state + handover margin + initial access margin

· Once ((UE) exceeds the high water mark relative to a given threshold increase x by one

· Once ((UE)  goes under the low water mark relative a given threshold  decrease x by one
Figure 2 shows an example of how the c-RNTI masking threshold behaves when the number of active UEs variates.
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Figure 2. c-RNTI thresholds

The algorithm may assume that the eNode-B assigns the lowest available c-RNTI address to an UE and hence fills up the code space from bottom up. Alternatively, it is a sufficient requirement that the c-RNTIs are allocated randomly from below a threshold.
In a joint coding proposal the mask can be signalled in the common part of the L1/L2 control channel with three bits (e.g. 6, 8, 10, 12, 13, 14, 15, 16 c-RNTI bits or 6, 7, 8, 9, 10, 12, 14, 16) or four bits (any number of c-RNTI bits). As the mask is not expected to change frequently, it could alternatively be signalled in the Sysinfo. Otherwise this short coding scheme does not change the control channel structure presented above.

As UEs enter and leave the cell, it may be that occasionally the assigned c-RNTIs do not form a compact address space below a threshold but there are holes. These holes do not have a serious impact, unless they cause a higher than necessary threshold to be used. Typically, once a UE c-RNTI is released, there will be such a hole temporarily in the c-RNTI space. Once later, a new c-RNTI allocation is needed, eNode-B should preferably assign the holes first.
In a case, where once a very loaded cell had c-RNTIs assigned and suddenly several UEs will leave the cell without others entering, there may be large holes in the c-RNTI space i.e. one or few c-RNTI numbers may keep the threshold unnecessarily high. The solution in this case is by RRC (or MAC) signaling to change that c-RNTI so that the c-RNTI address space gets more compact as shown in Figure 3. There is a tradeoff between the un-masked c-RNTI bits vs. higher layer signaling applied. 


[image: image2]
Figure 3. Reallocation of the c-RNTI code

3 Conclusions
In the contribution a solution has been presented that shows how a short UE ID can be efficiently used in the DL L1/L2 signaling. The advantage of the proposed scheme is that it does not impact the validity of the c-RNTI and yet it saves signalling capacity by shortening the effective bit-fields of the allocation identification. The masked c-RNTI is cell specific, adapting its length according to the UE population in the cell. It does not sacrifice performance; the eNode-B can still address the maximum number of UEs that the 16-bit c-RNTI can accommodate.
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