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1. Introduction

In cells at the boundary of UMTS coverage or at the edge of an area of coverage of a given channel frequency, it is likely that most mobiles will be in compressed mode, most if not all the time. Since it is expected that even well after initial deployment, UMTS coverage will be limited to dense urban areas, this type of border cells will be very common. Therefore, it is critical for a large number of UEs to be able to operate in compressed mode without significant quality-of-service or system capacity degradation. It should also be noted that, at least at the beginning of deployment and until users take on new data services, voice is going to be the predominant application running in 3G systems. 

2. R’99 compressed mode by SF/2

In compressed mode using SF/2, a channelization code (OVSF code) with spreading factor that is half of what is used in normal operation is used during the compressed frame. In the current specifications there is a strict relationship between the channelization code used for compressed frames and that used for regular ones. The scrambling code used during compressed frames can either be the same as for regular transmission or, alternatively, a secondary scrambling code may be used, see [3].

By assigning different users distinct channelization codes and the same scrambling code in the downlink, it is possible to eliminate interference in a mobile receiver from the signal transmitted by the same base-station and intended for other users. The scrambling code is only necessary in order to reduce the interference from other paths from the same or from different base-stations that are not yet in the active set. 

Scrambling codes of length 128 can at most provide 1/128=-21dB of isolation. This means that if two signals are received with the same power, after de-spreading the power of the interfering signal will be 21dB below the desired signal. Given how users are distributed across the cell, the geometry could vary from –4 to +16dB. Hence, it is possible that the power transmitted to one user would be 20dB above the power transmitted to another. Given the isolation provided by scrambling codes, the resulting interference could be as high as –1dB. Hence, using a different scrambling code may result in non negligible system capacity degaradation depending on the channel consition and usage of compressed mode in a particular cell.

3. Possible Limitations

Assuming that for voice users, the most likely method for compressed mode is using “SF/2”, it may happen that a considerable fraction of voice users in compressed mode would be assigned to a secondary scrambling code. However, relying on non-orthogonal codes to discriminate between users on the downlink may lead to significant degradation in system capacity.

When compressed mode with “SF/2” using the primary scrambling code only is applied, each user takes up twice the number of channelization codes than what is needed for their regular service. Therefore this solution would also result in potentially significant system capacity reduction.
4. Proposal for improvement

Compressed frames typically only make up a small part of a transmission gap pattern sequence. For the longest transmission gap pattern sequence with maximum gap (TGL1=TGL2=14 slots and TGPL1=TGPL2=144 frames) the compressed frames make up 2*16/(144*15)=1.4% of slots. For the shortest transmission gap pattern sequence with maximum gap  (TGL1=TGL2=14 slots and TGPL1=TGPL2=4 frames) they make up 2*16/(4*15) = 53% of slots. Such configurations are not seen as realistic but are provided as references. 

Typical inter-frequency/RAT measurement intervals are expected to be similar to what is used in GSM, i.e. in the order of a measurement every 200ms. A configuration that would achieve this is: TGPL1=TGPL2=40 frames with TGL1=TGL2=14 slots and TGD=20 frames. In that case, the ratio of compressed transmission would be: 16/(20*15)=5.3%. This implies that with the current specification a user in compressed mode would be using up an extra code, while only making use of it 5.3% of the time.

The proposal is therefore, to allow time-sharing of a downlink channelization code for compressed mode transmission among multiple UEs. A given code with a given spreading factor can be reserved in the system for compressed mode purposes. This code can then be communicated to UEs that need to perform inter-frequency/inter-RAT measurements together with the transmission gap pattern sequence parameters. These sequences can be carefully selected so that they do not overlap. Whenever UTRAN transmits to a given UE during its compressed frame, it will use the compressed mode channelization code with lower spreading factor instead of using the normal channelization code.

Lets consider the example of voice users (SF=128), since this is the scenario in which the use of compressed mode with SF/2 is the most crucial. In this case, a channelization code with SF=64, will be set aside for the purpose of compressed mode. Lets assume that a transmission gap pattern with parameters:  TGPL1=TGPL2=200ms=20 frames with TGL1=TGL2=14 slots is used. Lets assume that we have 10 users who need to perform inter-frequency or inter-RAT measurements. 

With the current way compressed mode is specified, these users will need to hold 20 codes of SF=128 (the SF=64 codes overlap with the codes they normally use and this is why they only use 10 more SF=128 codes). 

In the figures, different colors represent different channelization codes. The horizontal axis represents time and the vertical axis represents power. Only a subset of the users is displayed since the aim is to help the understanding rather than be complete.

Lets first consider the case where the frame offset between users is 0. This simplifies the scheduling of compressed frames, see Figure 1. It is possible to see that a different user can be scheduled every two frames. This means that ten users can share the same code for compressed mode purposes. Hence, the code usage in this case is: 10+2=12 codes of SF=128. This represents a 40% reduction compared to the current implementation.

When the frame offset between users cannot be 0 then different users need to be ordered based on their frame offset relative to the primary CPICH frame. If UE’s compressed frames are allocated in sequence with increasing order of frame offset then only one frame is lost in the process. Hence, it is possible in the example described above to schedule nine users on a single code, see Figure 2. The code usage will be 9+2=11 codes of SF=128 instead of 18 for the current specification. This represents a gain of 38%.

Note that in these calculations apply independently of the duration of the compressed mode gap. If however, the compressed mode gap is such that TGL>15-TGL/2(TGL>10, then it is possible to interlace the compressed mode gaps of different users thus fitting the compressed frames of two users in three frames instead of four, see Figure 3. If the frame offsets are such that they allow the pairing of interlaced users then a code could hold at least 14 users. The code usage in that case is 16 SF=128 codes instead of 28, giving a 42% gain.
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Figure 1: Illustration of user scheduling with same frame offset
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Figure 2: Illustration of scheduling users with different frame offsets
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Figure 3: Illustration of user interlaced scheduling

5. Complexity & Backward compatibility aspects

From the UE perspective no additional complexity is involved. In R99 options for compressed mode by SF/2, the UE has to switch to a different channelization code and possibly scrambling code. This proposal is no different in that respect. The only difference is that the channelization code to be used is not implied by the method but signaled by higher layer.

From the signaling perspective the impact is the addition of one value in the set of possible code allocation for compressed mode by SF/2 and one information element to indicate which channelization code the UE has to use in that mode.

The RRM aspects (coordination of compressed mode pattern and code pooling) are left for implementation and are of course optional in the RNC since the R99 methods a are still fully supported.

6. Conclusion

We believe this extension would provide additional freedom and open new possibility for optimization of radio resource management associated with compressed mode. We are proposing to include support for the described variation of the code assignment methods for compressed mode by SF/2.
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